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James M. Luckring 
Langley Research Center 


SUMMARY 

This paper presents a theoretical and experimental analysis of the aero- 
dynamic characteristics of low-aspect-ratio skewed (oblique) wings having 
separation-induced vortex flows along leading and side edges. The purposes 
of this investigation were to determine the effects of sweep and aspect ratio 
on the longitudinal and lateral-directional aerodynamic characteristics of 
these wings and to compare experimental results with asymmetric, separated, 
vortex- flow theory. The theoretical analysis used the vortex-lattice method 
for estimating attached-flow aerodynamic characteristics and the leading-edge 
suction analogy of Polhamus for estimating separation induced vortex-flow 
effects. The experimental results were obtained in the Langley high-speed 
7- by 10-foot tunnel at a low-subsonic Mach number. 

In general, the effects of sweep on the longitudinal aerodynamic charac- 
teristics of the skewed wings were small. The effects of aspect ratio were 
consistent with simple wing theory; that is, an increase in aspect ratio 
increased lift-curve slope and decreased drag due to lift. The effects of 
sweep and aspect ratio on the lateral-directional aerodynamic characteristics 
were more significantly pronounced. When either sweep or aspect ratio was 
increased, the magnitude of the lateral-directional coefficients increased. 

Total lift and drag were well estimated by the theoretical method employed. 
Pitching moments and, to a lesser degree, rolling moments were also well esti- 
mated as long as substantial amounts of vortex growth and subsequent inboard 
movement of the vortex core with increasing angle of attack were not encoun- 
tered. This growth of the vortex and the subsequent inboard movement of the 
vortex core were documented in a series of oil-flow photographs and account 
for discrepancies between theoretical and experimental moments. 


INTRODUCTION 

The oblique-wing concept has undergone considerable study in recent years 
as a potential means of drag reduction (refs. 1 and 2). Although this concept 
was originally applied to high-aspect-ratio configurations such as transonic 
transport airplanes, recent application studies (refs. 3 and 4) indicate that 
there is an interest in low-aspect-ratio skewed (oblique) wing configurations 
which may be applied to advanced fighter-aircraft concepts. These studies 
dealt with configurations designed to exhibit attached-flow characteristics up 
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to stall. In addition, the theoretical effort emphasized the analysis of low- 
angle-of-attack aerodynamic characteristics by attached-flow linear theory. 
However, the flow over skewed wings at maneuver conditions (as is true for 
swept wings) can contain separation-induced vortex flows which, because of 
their asymmetry, can significantly affect the aerodynamic characteristics of 
the skewed wing in ways not encountered by conventional (symmetric) swept 
wings. Very little information is available on this type of asymmetric flow. 

The present investigation was conducted to determine and compare theoreti- 
cal and experimental, nonlinear aerodynamic characteristics, up to high angles 
of attack, of several low-aspect-ratio skewed wings having separation-induced 
vortex flows along their leading and side edges. The configurations were 
untapered planforms (parallelograms) with side edges aligned in the free-stream 
direction and with no twist or camber. The geometric parameters altered in 
this study were leading-edge sweep and aspect ratio. The theoretical investi- 
gation was performed by using a computer program developed, as part of this 
study, for the analysis of asymmetric flow conditions including both fully 
attached flows and separation-induced vortex flows. This method, briefly 
described in reference 5, is an extension of the vortex-lattice method for 
estimating subsonic aerodynamic characteristics of complex planforms (refs. 6 
and 7) and applies the leading-edge suction analogy of Polhamus (refs. 8 to 10) 
for the analysis of the separation-induced vortex- flow effects. The wings were 
tested in the Langley high-speed 7- by 10-foot tunnel at a low-subsonic Mach 
number of 0.12, which corresponded to a Reynolds number of 2.46 x l0^/m 
(0.75 X 10^/ft). Angles of attack were varied from approximately -4° to 24°, 
and angles of sideslip were varied from approximately -10° to 10°. 


SYMBOLS 

Physical quantities are presented in the International System of Units 
(SI) with the equivalent values in U.S. Customary Units given parenthetically. 
The measurements and calculations were made in U.S. Customary Units. All data 
are referenced to the stability axis system. In addition, the tabulated values 
of the rolling-moment and yawing-moment coefficients are referenced to the body 
axis system. The comparisons of theoretical with experimental rolling-moment 
coefficients are also referenced to the body axis system. The quarter-chord 
point measured at the wing center line was designated as the moment reference 
point . 

A aspect ratio, b^/S 

b wing span, cm (in.) 

Cj) drag coefficient, Drag/q^S 

Cd,o experimental drag coefficient at zero lift 

Cl lift coefficient, Lift/q^S 

Cl,o lift coefficient at zero angle of attack 


2 


Cz 

o 

Cjj 

Cn 

^S,le 

*^T,le 

Cy 

Cy,1 

^Y,le 

ACl,v 

^^Y,se 

c 

c 

c 

°Z 

Cs 

Gt 

Gy 

Kp 

^v,le 

^v,se 

^v,se 

*^v,tot 

L.E. 


rolling-moment coefficient, Rolling moment/q^Sb 

pitching-moment coefficient, Pitching moment/q^Sc 

pitching-moment coefficient at zero lift 

normal-force coefficient. Normal force/q_^S 

yawing-moment coefficient. Yawing moment/q^Sb 

leading-edge suction-force coefficient, Ky^lgjsin a| sin a 

leading-edge thrust-force coefficient, Cs^le gos A 

side-force coefficient. Side force/q^S 

elemental side-force coefficient 

leading-edge side-force coefficient, Cs^le sin A 

increment of Cj^ associated with augmented-vortex lift 

contribution to side-edge side-force coefficient from elemental 
spanwise strip 

streamwise chord, cm (in.) 

reference chord, cm (in.) 

characteristic length used in computing 

section lift coefficient 

section suction-force coefficient. Section suction force/q^c 
section thrust-force coefficient. Section thrust force/q^c 
section side-force coefficient. Section side force/q^c 
= 9(%^p)/8(sin a cos a) 

= 9 (Leading-edge suction force/q^S)/9(sin^ a) 

= 9(Tip suction force/q^S)/9(sin2 a) 
augmented-vortex lift factor, (Ky^l©/b sec A)c 

= ^v,le ^v,se 
leading edge 


free-stream Mach number 



free-stream dynamic pressure, Pa (Ibf/ft^) 

R Reynolds number 

S reference area, m^ (ft^) 

s horseshoe-vortex semiwidth 

free-stream velocity, m/sec (ft/sec) 

X distance along wing center line, positive downstream of leading edge, 

cm ( in . ) 

y spanwise distance, m (ft) 

a angle of attack, deg 

3 angle of sideslip, deg 

^ nondimen si onal spanwise distance (see fig. 3) 

n = 2y/b 

A leading-edge sweep angle, deg 

X taper ratio 

Subscripts: 

av average 

c centroid 

le leading edge 

p potential 

r root 

se side edge 

tot total 

V vortex 

vie vortex effect at leading edge 

vse vortex effect at side edge 

v'SS’ augmented-vortex effect 
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3 partial derivative of quantity subscripted with respect to 3, 

9( )/93, per degree 


Superscript: 

* parameter is computed for one semispan only 


THEORETICAL ANALYSIS 
Method 

A technique has been documented (refs. 6 and 7) for the analysis of both 
fully attached and separation-induced vortex-flow situations for symmetric con- 
figurations having symmetric loads. With this method, the attached-potential- 
flow solution is computed using the vortex-lattice method while the separation- 
induced vortex-flow solution is computed using the suction analogy. A computer 
program was developed as part of this study to compute potential-flow solu- 
tions about arbitrary, thin, asymmetric configurations by use of the vortex- 
lattice method. (The capabilities of this program are described briefly in 
ref. 5.) Once the asymmetric potential-flow solution had been determined, the 
suction analogy was used to compute the vortex-flow solution. This resulted in 
the following formulation for theoretical, force and moment coefficients: 


Cl,p 


C*,vle 


3*, tot = ^Kp* sin a cos^ a + Kv,ielsi'^ ot] sin a cos a 




Cl, 


vse 


f — S — — j 

+ Ky^ gel sin a| sin a cos a 


(la) 


or 


C*,tot = ^p* ®Ln a cos^ a + Ky^totl®Ln a| sin a cos a 


(1b) 


Cd* = *-L* = *^D,o ^p* ^v,tot ^ 


( 2 ) 
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C^,P 




c,p 


= *^p* ^ “ — j — + K*^le|sin “I sin a 


x*,le ^ 


■'m,vse 


+ Ky.se ^ 


7 ^ 

^c,se 


( 3 ) 


Cz.p 


r* 

^l ,vle 




C*,tot = *^p* ^ ^ — “ ■•■ ^v, lei sill «| sin a 


~? ^ 
yc,le 


,vse 


+ K*^ gel sin a| sin a 


— ^ 
VCfSe 


(4) 


In equations (1) to (4), the asterisks indicate that the particular parameter 
was computed for each semispan individually (in the presence of the other semi- 
span). Later in this section, this method for computing the loads will be 
shown to be useful for making comparisons of the loads on a swept wing with 
those on a skewed wing. The Xq and Yq terms in these equations represent 
the chordwise and spanwise distances, respectively, between the appropriate 
centroid and the reference point (defined as the quarter-chord point of the 
mean geometric chord). Since the suction analogy does not provide a prediction 
of the rate of inboard movement of the center of vortex lift with increasing 
angle of attack, the reattached vortex loads were assumed to act at the cen- 
troid of the corresponding edge-force distribution as has been done in previous 
investigations (ref. 11). Hence, no angle-of-attack effects on the location of 
the vortex loads were represented. This assumption is valid as long as the 
vortex core remains in the vicinity of the edge from which the corresponding 
vortex sheet is being generated. 

In addition to the edge-vortex factors Ky and Ky gg, the augmented- 
vortex lift factor Ky g^ was included in the formulation to account for the 
effect of the leading-edge vortex which persists over the aft portion of the 
wing (ref. 12). Figure 1 illustrates the concept of augmented-vortex lift 
applied to a skewed wing (ref. 5). By applying the method of reference 12 to 
the skewed wing, the leading-edge-vortex lift factor Ky^lg, developed along 
the leading-edge length b sec A, persists over a portion of the wing aft of 


6 



the leading edge c, herein taken to be the tip chord, 
additional vortex lift factor 


This results in the 



and the additional vortex lift quantity 

^^L,v = ^v,sel®^’’ ^ “ 

It should be noted that, for a skewed geometry, augmentation occurs only on the 
tip of the sweptback (downwind) semispan. Recent investigations have demon- 
strated that the distance over which the vortex persists and, hence, the extent 
of the augmented effect, is angle-of -attack dependent (ref. 13). This is due 
to the well established fact that as angle of attack is increased the vortex 
tends to grow and its core moves inboard, away from the edge where the vortex 
sheet is being generated. Hence, the distance c which gives rise to the 
augmented-vortex lift will change as angle of attack is increased. For a 
skewed planform, c will decrease as angle of attack is increased; however, as 
with the edge-vortex terms, no angle-of-attack effects on the location of the 
vortex and, hence, on the extent of 5, are represented in the present theo- 
retical method. Therefore, the present method should tend to overpredict the 
augmented-vortex lift at high angles of attack. Since the chordwise centroid 
of side-edge-vortex lift distribution is generally near the midpoint of the tip 
chord, the centroid of the augmented-vortex lift term is assumed to be the mid- 
point of the downstream tip chord. Because the actual center of vortex lift 
moves inboard as angle of attack is increased, this assumption about the cen- 
troidal location of the augmented-vortex lift is expected to result in overpre- 
dictions of moments due to augmentation at high angles of attack. 


Theoretical Results 

The theoretical methods just described were used in calculating the 
effects of wing sweep and aspect ratio on the magnitudes and centroids of the 
load quantities Kp, Ky ]_g, and Ky gg for the skewed wing. Since the 
augmented-vortex lift term is geometrically related to the leading-edge-vortex 
term, it is not included in this presentation. The quantities are presented 
for each planform semispan. Hence, the total lift factor for a skewed wing 
configuration is the sum of the factor associated with the sweptback (downwind) 
semispan and the factor associated with the sweptforward (upwind) semispan. 
Similarly the total lift factor for the swept wing (symmetrical) configuration 
is twice the value shown. 

The effects of sweep angle on the potential lift factor Kp and on the 
vortex lift factors Ky ]^g and Ky gg are presented in figure 2 for the semi- 
spans of both a swept wing and a skewed wing, each having an aspect ratio of 
one. The full span skewed wing is seen to develop slightly less total 
potential-flow lift, to maintain essentially the same amount of total leading- 
edge-vortex lift, and to develop substantially less total side-edge-vortex 
lift than a full span swept wing with the same sweep. For all three lift fac- 
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tors, the sweptforward semispan becomes unloaded over the range of configura- 
tions shown because of the change in the upwash field, as shown later. The 
reduction in side-edge suction on the sweptforward semispan is also due to the 
effect of forward sweep on side-edge suction (ref. 5). In the computation of 
side-edge-vortex lift by the method of reference 1 1 , the portion of the wing 
inboard of the side edge is assumed to contribute to the side forces acting on 
the side edge. For sweptback wings, the region of the wing inboard of the 
leading edge (which might be considered as contributing to a leading-edge side 
force) and the region of the wing inboard of the side edge are mutually exclu- 
sive. Moreover, in the case of sweepback, the leading-edge side force and the 
side-edge side force are acting in the same direction. However, in the 
instance of forward sweep such as for a skewed wing as illustrated in the upper 
left part of figure 3, the leading-edge side force and the side-edge side force 
on the sweptforward semispan act in opposition to one another across an elemen- 
tal spanwise strip. A more detailed illustration of the sweptforward semispan 
is presented in the upper right portion of figure 3. Here the leading-edge and 
side-edge side forces are seen to oppose one another along a representative 
elemental spanwise strip; as a result, there is a region of positive elemental 
side force and a region of negative elemental side force. The distribution of 
elemental side-force coefficient along the representative spanwise strip is 
shown in the lower right part of figure 3. 

The change of sign of the elemental side force tends to imply that the 
positive elemental side forces act on the side edge while the negative ele- 
mental side forces act on the leading edge. A comparison of the leading-edge 
side- force coefficient distribution (computed by integrating the negative ele- 
mental side-force coefficients on the sweptforward semispan) with the side com- 
ponent of the leading-edge thrust coefficient on the sweptforward semispan is 
presented in the lower left part of figure 3. The agreement tends to substan- 
tiate the implication that the negative elemental side forces are in actuality 
the side- force components of the leading-edge thrust. The present method takes 
this force into account by computing the leading-edge thrust and using the 
secant relationship of the leading-edge sweep to compute the resultant leading- 
edge suction. Accordingly, only the positive elemental side forces inboard of 
the side edge are integrated to compute the side-edge force on the sweptforward 
semispan properly. 

The effects of sweep on the spanwise centroids of the potential and 
leading-edge-vortex lift factors are presented in figure 4 for both the swept 
and the skewed wings. The nondimensional spanwise centroid of the side-edge- 
vortex lift term is assumed to be one (at the tip). For the skewed wing con- 
figuration, the centroids of the sweptback semispan loadings are further out- 
board than the centroids of the loadings on the sweptforward semispan. In each 
case, however, the centroids are further inboard for the skewed wing geometry 
than for the swept wing geometry. 

The effects of aspect ratio on the potential and vortex lift factors are 
presented in figure 5 for swept and skewed wings, each with 30° of sweep. Over 
the aspect-ratio range shown, the overall effect of the skewed geometry on the 
potential and vortex lift factors is similar to that observed for the wings with 
aspect ratio of one (fig. 2). For the aspect-ratio range shown, a full span 
skewed wing is seen to develop slightly less total potential-flow lift, to 
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maintain essentially the same amount of total leading-edge-vortex lift, and to 
develop substantially less total side-edge-vortex lift than a full span swept 
wing of the same aspect ratio. The spanwise centroids of these loadings show 
(fig. 6) that, as in the variation of leading-edge sweep (fig. 4), the spanwise 
centroids on the sweptback semispan remain further outboard than the spanwise 
centroids on the sweptforward semispan. These centroids are further inboard, 
however, than the centroids for the swept wing configuration. Also shown is a 
reduction in the difference between swept and skewed wing potential centroid at 
lower aspect ratios and leading-edge-vortex centroids at higher aspect ratios. 

The spanwise distributions of the theoretical, potential-span-load and 
leading-edge section suction coefficients are presented in figure 7 for both a 
swept and skewed wing (A = 45°, A = 1.0). Comparisons of the two configura- 
tions illustrate the change in the upwash field as well as the shift of the 
potential and vortex loads to the sweptback semispan for the skewed wing plan- 
form. For a given angle of attack, the complete theoretical span load dis- 
tribution could be computed from these two figures by applying the appropriate 
constants and angle-of-attack terms to each distribution of coefficients and 
then summing the results. 


EXPERIMENTAL INVESTIGATION 
Description of Models 

A total of six, thin, flat wings were tested, each having streamwise tips 
and symmetrically beveled sharp leading and side edges. The trailing edge of 
each model was unbeveled. Sharp edges were selected to assure completely 
developed vortex flows in accordance with the purpose of this study. The 
trailing edge was left unbeveled because of the manner in which aspect-ratio 
variation was achieved. The geometric parameters pertinent to these models are 
given in table I. Figure 8 presents a representative drawing of the wings. 
Figures 9(a), (b), (c), and (d) are photographs of models I, II, III, and VI, 
respectively. Models IV and V were obtained by cutting off the aft portion of 
model I, at the appropriate chordwise station, parallel to the trailing edge to 
achieve the desired aspect ratio. Model VI consisted of a 113.03-cm- (44.5 in.) 
long ogive cylinder, 14.605 cm (5.75 in.) in diameter, with a nose fineness 
ratio of 1.57, mounted symmetrically about model II. (See fig. 8(b).) The 
nose of the fuselage was situated 48.46 cm (19.08 in.) ahead of the moment ref- 
erence point. Number 80 transition grit was applied to upper and lower surfaces 
of each wing approximately 2.54 cm (1 in.) behind the wing leading edge and 
2.54 cm (1 in.) inboard of the wing side edges (ref. 14). The typical wind- 
tunnel installation is shown in figure 10. 


Apparatus Tests and Corrections 

The models are depicted in figures 8 to 10 and have dimensions given in 
table I. The tests were conducted in the Langley high-speed 7- by 10-foot 
tunnel (ref. 15) at = 957.6 Pa (20 psf ) , M^ = 0.12, and R □ 2.46 x lO^/m 
(0.75 X 10^/ft). All models were tested at angles of attack from approximately 
-4° to 24° at zero sideslip. For the purpose of computing 8 -derivatives, mod- 
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els I, II, and III were also tested over the same angle-of-attack range at 
sideslip angles of -4° and 4°. In addition, model I was tested in sideslip 
from approximately -10° to 10° at fixed angles of attack of approximately 6° 
and 12°. This sideslip investigation was conducted to verify the approxima- 
tion of the 3-derivative by a linear finite difference between the runs at 
3=4° and -4°. Finally, oil-flow studies were conducted for models I, II, 
and III at angles of attack of 5°, 10°, and 15° at zero sideslip. 

A bolt-on balance housing was mounted beneath the models. In addition, a 
dummy balance housing could be mounted on the upper surface symmetrically with 
respect to the balance housing. The dummy housing was used to cancel the cam- 
ber caused by the balance housing and hence minimize the interference effects 
of the housing apparatus on the experimental data. Since it was not clear 
whether the dummy balance housing mounted on the upper surface of the wing 
would increase or decrease the interference loads due to vortex interaction 
with the housing apparatus, all tests, except for the wing-fuselage model, were 
conducted both with and without the dummy balance housing. Table II provides 
a matrix of test parameters for each model. 

Angles of attack have been corrected for the effects of balance and sting 
deflections due to loads. All drag data have been corrected to a condition of 
free-stream static pressure acting on the base of the balance housing, on the 
base of the dummy housing, in the balance chamber, and, for the wing-fuselage 
model, on the base of the fuselage. No corrections have been applied for jet- 
boundary or blockage effects. These effects were small because the models were 
small compared to the test section, the test section was slotted, and the tests 
were conducted at low speeds. 


Presentation of Experimental Results 

Experimental results in the form of tabulated data are presented in 
tables III and IV. In addition to the tabulated data, results are presented 
graphically in figures 11 to 25 . Unless otherwise stated, the results are for 
the configuration without the dummy balance housing. An outline of the con- 
tents of these figures follows: 


Figure 


Flow visualization: 

A = 30° 11 

A = 45° 12 

A = 55° 13 

Sketches of wing-fuselage flow field . . . . , 14 

Longitudinal aerodynamic characteristics: 

Sweep effect 15 

Aspect-ratio effect 16 

Dummy-balance-housing effect 17 

Fuselage effect 18 

Lateral-directional aerodynamic characteristics: 

Sweep effect 19 
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Figure 


Aspect-ratio effect 20 

Dummy-balance-housing effect 21 

Fuselage effect 22 

Lateral-directional stability derivative characteristics: 

Sideslip effect 23 

Sweep effect 24 

Dummy-balance-housing effect 25 


Flow visualization .- Surface oil-flow studies were conducted in order to 
better understand the nature of the asymmetric vortex flows. The effects of 
angle of attack are shown for models I (A = 30^) , II (A □ 45^) , and III 
(A = 55^) (figs. 11, 12, and 13, respectively). The pertinent features of 
the flows are as follows: 

(1) For each model at 5*^ angle of attack, the vortex was well formed and 
situated near the edge from which it was being generated. 

(2) At the higher angles of attack, the vortex grew and moved substan- 
tially inboard from the generating edge. As the sweep angle was increased, 
the extent which the vortex moved inboard with increasing angle of attack was 
decreased . 

(3) At 15^ angle of attack, the vortex on the wing with 30^ sweep appears 
to be very weak. The strength of the vortex increased as the sweep angle was 
increased. Based on results of previous investigations of symmetrical wings 
(ref. 16), the bursting point of the vortex is probably well above each wing at 
15^ angle of attack. 

(4) The region of the wing outboard of the leading-edge vortex showed lit- 
tle evidence of attached or reattached flows. The extent of this region was 
decreased by increasing sweep. This outboard region is where the secondary 
vortex^ would be expected to form. This vortex did not produce visible evi- 
dence for one of the following reasons: (a) it did not form to any great 
extent; (b) it did form, but it was too weak to disturb the surface oil; or 

(c) it did form, but it was raised off the surface of the wing enough to pre- 
vent the oil from being visibly disturbed. 

(5) The side-edge region of the sweptforward semispan showed visible evi- 
dence of the side-edge vortex. The side-edge vortex is not usually seen on a 
sweptback semispan because of the persistance of the leading-edge vortex along 
the side edge. 

Additional oil-flow studies were conducted at 20^ angle of attack. These 
studies showed little evidence of attached or vortex flow on most of the left 


^The secondary vortex is a counter-rotating vortex induced by the primary 
vortex and is situated in the region between the primary vortex and the edge 
from which the primary vortex is being generated. 
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semispan for the wing with aspect ratio of 1.0 and sweep of 30°. As the sweep 
angle was increased, the left semispan showed more evidence of attached and 
vortex flow at this angle of attack. Sketches of the surface oil-flow patterns 
for the wing- fuselage configuration at a low and a high angle of attack are 
presented in figure 14. The primary feature of this configuration was the for- 
mation of a separate leading-edge vortex on the sweptback semispan. The apex 
of this vortex was situated at the juncture of the fuselage and the leading 
edge. As angle of attack was increased, the leading- and side-edge vortex sys- 
tem on the sweptback (downwind) semispan moved inboard (toward the fuselage), 
whereas the leading-edge vortex on the swept forward (upwind) semispan moved 
outboard (away from the fuselage) toward the side-edge vortex. The skewed wing 
configurations without the fuselage encountered extensive inboard movement of 
the vortex system with Increasing angle of attack. This movement was decreased 
for the skewed wing configuration with the fuselage by fixing the apex of the 
additional leading-edge vortex at the wing-fuselage juncture. 

Longitudinal aerodynamic characteristics.- The effects of variation in 
leading-edge sweep (A = 30°, 45°, and 55°) on the longitudinal aerodynamic 
characteristics of a skewed wing configuration with aspect ratio of one at 
Mach 0.12 are presented in figure 15. Variation of the leading-edge sweep 
angle had little influence on lift or drag. However, for angles of attack 
less than approximately 16° an increase in sweep resulted in a more nose-down 
pitching moment, while for angles of attack greater than approximately 16° an 
increase in sweep resulted in a less nose-down pitching moment. For swept or 
skewed wings, an increase in leading-edge sweep results in an increase in 
leading-edge suction. As shown theoretically (figs. 2 to 6), the potential 
and vortex loads on the sweptback semispan were greater and situated further 
outboard, hence further aft, than loads on the sweptforward semispan. In addi- 
tion, an increase in sweep resulted in an aft movement of the leading-edge- 
vortex centroids (fig. 4). Consequently, an increase in sweep at lower angles 
of attack not only increased the load on the sweptback semispan relative to the 
sweptforward semispan but also increased the pitching-moment arm which resulted 
in the observed trend. At higher angles of attack, the sweptback semispan was 
beginning to stall which resulted in the less nose-down pitching moment. 

The effects of variation in aspect ratio (A = 1.0, 1.5, and 2.0) on the 
longitudinal aerodynamic characteristics of a skewed wing with leading-edge 
sweep of 30° are presented in figure 16. An increase in aspect ratio caused 
a slightly negative shift in Cuj/Cl up to moderate angles of attack and, con- 
sistent with simple wing theory, increased lift-curve slope and decreased drag 
due to lift. In addition, the angle at which the wing began to stall decreased 
as aspect ratio was increased. This resulted in a reduced maximum lift coeffi- 
cient. Small shifts in o *^m o also occurred as aspect ratio was 

increased. These shifts were caused by the increased size of the housing appa- 
ratus relative to the wing chord which was reduced to achieve the higher aspect 
ratios. 

The effects of the dummy balance housing on the longitudinal aerodynamic 
characteristics (presented in fig. 17) were found to be generally small. Since 
the camber attributable to the balance housing was canceled by that of the 
dummy balance housing, the measured pitching moment at zero lift and the lift 
at zero angle of attack more closely approximated the expected values of zero. 
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The effects of the cylindrical fuselage on the longitudinal aerodynamic 
characteristics are presented in figure 18. In this figure, a comparison is 
made between the wing-fuselage model and the wing-alone model, both with and 
without the dummy balance housing. In general, the fuselage had little influ- 
ence on the longitudinal aerodynamic characteristics. The influence of the 
fuselage was comparable in magnitude to the influence of the dummy balance 
housing. 

Lateral-directional aerodynamic characteristics .- Because of the asym- 
metric geometry, the skewed wing can develop large rolling- and yawing-moment 
coefficients at zero sideslip angle and moderate angles of attack. These coef- 
ficients become extremely nonlinear at higher angles of attack. For wings 
designed to promote attached flow, these nonlinearities can be attributed to an 
asymmetric, spanwise stall, with the sweptback semispan showing the first evi- 
dence of separated flow (ref. 3)* For wings which exhibit separation-induced 
vortex flow, these nonlinearities still occur at high angles of attack (shown 
in fig. 19) and can be attributed to the combination of an asymmetric, spanwise 
stall and the asymmetric nature of the vortex system. 

The skewed wings at low to moderate angles of attack had positive rolling- 
moment coefficients and negative yawing-moment coefficients due to 

the increased loads on the sweptback semispan. An increase in sweep at these 
angles of attack increased the magnitude of the rolling-moment and (to a lesser 
degree) yawing-moment coefficients but had little effect on the side-force 
coefficients Cy up to a moderate angle of attack. The skewed wings at high 
angles of attack had negative rolling-moment coefficients and positive yawing- 
moment coefficients, because the loads had shifted to the sweptforward semispan. 
An increase in sweep caused a negative increment in the side-force coefficient 
and had little discernible effect on the rolling-moment and yawing-moment coef- 
ficients at high angles of attack. At zero angle of attack, these wings had 
nonzero yawing-moment and side-force coefficients. This was thought to be due 
to a slight misalignment of the balance housing. However, the main lateral- 
directional parameter of interest was the rolling moment, and the housing appa- 
ratus did not seem to influence this coefficient at zero angle of attack to any 
great degree . 

The effects of changes in aspect ratio on the lateral-directional aerody- 
namic characteristics are shown in figure 20. An increase in aspect ratio at 
low to moderate angles of attack increased the rolling-moment and side-force 
coefficients but had little effect on the yawing-moment coefficient. At higher 
angles of attack, the rolling- and yawing-moment coefficients changed sign as 
they had in the study of sweep variation. An increase in aspect ratio at the 
higher angles of attack caused a negative increment in the rolling-moment coef- 
ficient and a positive increment in the yawing-moment and side-force coeffi- 
cients. In addition, the angle of attack at which the data became highly non- 
linear decreased as aspect ratio was increased. This trend was due to the 
earlier development of stall on the higher-aspect-ratio wings. These wings had 
nonzero yawing-moment and side-force coefficients at zero angle of attack, 
probably because of the misaligned balance housing discussed previously. 

As expected, the dummy balance housing had little influence on the 
lateral-directional aerodynamic characteristics at low to moderate angles of 



attack, while the effects of interference between the leading-edge vortex and 
the dummy balance housing were evident at higher angles of attack (fig. 21). 

The lateral-directional aerodynamic characteristics of the wing-fuselage 
configuration are compared (fig. 22) to the lateral -directional aerodynamic 
characteristics of the A = 45°, A = 1.0 wing with and without the dummy bal- 
ance housing. The most notable effects of the fuselage at high angles of 
attack were to prevent the rolling-moment coefficient from changing sign and 
to cause large negative yawing-moment and side-force coefficients. As evi- 
denced by additional oil-flow studies, these effects could be attributed to the 
formation of the separate leading-edge vortex with an apex situated at the 
juncture of the fuselage and the leading edge of the sweptback semispan 
(fig. 14). The rolling-moment characteristics of the wing fuselage were 
linearized at high angles of attack because, due to the fixed location of the 
apex of the additional leading-edge vortex, the extensive inboard movement of 
the vortex system with increasing angle of attack encountered by the models 
with no fuselage was substantially reduced for the model with the fuselage. 

The large, negative, yawing-moment and side-force coefficients can be attrib- 
uted to the manner in which the left and right leading-edge vortices move with 
increasing angle of attack as well as to the ensuing stall. The leading- and 
side-edge vortices on the sweptback (downwind) semispan moved inboard from 
their respective edges toward the wing-fuselage juncture as angle of attack 
was increased. At the same time, the leading-edge vortex on the sweptforward 
(upwind) semispan moved outboard from a position near the leading edge, where 
it impinges upon the fuselage, to a position near the side edge, where it had 
little interference with the fuselage. The wing-fuselage configuration at high 
angles of attack showed visible evidence of stall outboard of each vortex, in 
the vicinity of the wing tip on the sweptback semispan and in the vicinity of 
the fuselage on the sweptforward semispan. The asymmetric stall, as well as 
the relative locations of the leading-edge vortices with respect to the fuse- 
lage, tends to account for the observed trends in the yawing-moment and side- 
force coefficients. It should be noted that, at zero angle of attack and zero 
sideslip angle, the yawing-moment and side-force coefficients for the wing- 
fuselage configuration were approximately equal to zero, as expected. Since 
the fuselage completely enclosed the housing apparatus, these results tend to 
substantiate the assumption that the nonzero values of yawing-moment and side- 
force coefficients for the other configurations at zero angle of attack and 
zero sideslip angle were caused by a slight misalignment of the housing 
apparatus. 

The effects of sideslip angle 3 on rolling-moment, yawing-moment, and 
side-force coefficients for the A = 1.0, A = 30° skewed wing are shown 
(fig. 23) for angles of attack of approximately 6° and 12°, both with and with- 
out the dummy balance housing. The dummy balance housing is seen to have lit- 
tle effect on the lateral-directional coefficients at the lower angle of attack. 
At the higher angle of attack, the dummy balance housing has a more pronounced 
influence on the level of the lateral-directional coefficients and a slight 
influence on the slopes of the data at 3=0°. However, the data for both 
angles of attack exhibit an approximately linear relationship with sideslip 
angle in the vicinity of 3=0°. This linear relationship validates the 
method which approximates the partial derivative of the lateral-directional 
coefficient by finite difference using the runs having 3=4° and -4°. 
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The effects of leading-edge sweep variation on the lateral-directional 
stability derivatives are presented in figure 24. An increase in sweep 
decreased the magnitude of and increased the magnitude of Cjjg, although 

the level of Cjjg for these wings is very low relative to conventional config- 
urations. The more highly swept wings showed a strong unstable break in 

at approximately 12°. All three configurations were very stable directionally 
throughout the angle-of-attack range investigated. The sweep change had little 
effect of level of Cyg. 

The effects of the dummy balance housing on the lateral-directional sta- 
bility derivatives are presented in figure 25. In general, there was little 
effect up to an angle of attack of 12°. Above this angle, the interference 
effects were significant and resulted in more nonlinear characteristics which 
became increasingly destabilizing as leading-edge sweep angle was increased. 


COMPARISONS BETWEEN THEORY AND EXPERIMENT 

A theoretical analysis of the. lift, drag, pitching moment, and rolling 
moment has been performed by use of the technique presented in the theoretical 
method section of this paper. A lattice of 6 chordwise and 40 spanwise singu- 
larities was used for this analysis. The data presented in this comparison are 
for the configurations with the dummy balance housing. 

A comparison of theoretical and experimental lift, drag, and pitching 
moments is presented in figures 26 and 27. The very large effects of the 
separation-induced vortex flow can be seen by comparison of the experimental 
results with the attached-flow theory. Application of the suction analogy pro- 
vides reasonable predictions of the vortex lift contributions. For example, 
the lift and drag were well predicted up to a Cl of approximately 0.8 when 
all the vortex lift terms, including the augmented term, were applied. 

Pitching moments were also well predicted by including the augmented term for 
all aspect ratios at A = 30°; however. Cm for the more highly swept wings 
was better predicted without the augmented term. Hence, application of the 
augmented-vortex lift concept for the prediction of pitching moments appears 
to be more sensitive to changes in sweep than to changes in aspect ratio. The 
overpredictions of the pitching-moment coefficient at high angles of attack 
emphasize the significance of the reduction in the augmented-vortex lift effect 
for these wings due to the reduction of c and the forward shift of the cen- 
troid as the vortex moves inboard with increasing angle of attack. Since the 
augmented-vortex term consistently improved the lift (and, hence, drag) esti- 
mates by a small amount but did not consistently improve the prediction of the 
pitching-moment trends, the assumption about the centroidail location (and, 
hence, c) of these loads for a skewed wing configuration requires further 
study. This is also supported by flow-visualization results presented earlier. 
It is of interest to observe the significance of the side-edge-vortex loads by 
noting that the pitching moment predicted by using only the attached flow and 
the leading-edge-vortex theory has the opposite sign of the experimental pitch- 
ing moments at high angles of attack. By including the contribution from the 
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side-edge vortices, reasonable correlation was achieved up to a moderate angle 
of attack. The overall forces and pitching moments for the configuration with 
the fuselage (fig. 27) were reasonably well predicted up to high angles of 
attack, with the augmented term resulting in a slight overprediction of lift 
and pitching-moment coefficients at the high angles of attack. 

A comparison of the theoretical and experimental rolling-moment coeffi- 
cients is presented in figures 28 and 29. Except for the wing-fuselage config- 
uration, rolling-moment characteristics were well predicted only up to an angle 
of attack of approximately 6° and, at that, only by excluding the augmented- 
vortex term. Above this angle, the data depart from the theory and eventually 
change sign. (As with the pitching moments, the application of the augmented- 
vortex lift quantity at the assumed centroid resulted in overpredictions of the 
rolling moments . ) This discrepancy between the theory and the data can be 
attributed to the vortex growth and subsequent inboard movement of the center 
of vortex lift as angle of attack was increased. While pitching moments were 
reasonably well predicted, the rolling moments were, as expected, overpredicted 
at moderate and high angles of attack as the actual center of vortex lift moved 
inboard. 

The comparison of the theoretical and experimental rolling-moment charac- 
teristics of the wing- fuselage configuration are shown in figure 29. The 
rolling-moment characteristics for this configuration were well predicted up 
to an angle of atttack of approximately 16° by excluding the augmented-vortex 
contribution. As discussed in the flow visualization section, the fuselage 
caused a separate leading-edge vortex to form on the sweptback semispan with 
the apex of the vortex situated at the left-fuselage-leading-edge juncture and, 
hence, kept the vortex loads closer to the edges from which the vortices were 
generated. For this reason, the rolling moments were better predicted for this 
configuration than for the others by including the edge-vortex terms. 


CONCLUSIONS 

A theoretical and experimental analysis of the aerodynamic characteristics 
of several, thin, skewed wings having separation-induced vortex flows along the 
leading and side edges has been presented. The theoretical study was accom- 
plished with a computer program that was developed for the analysis of asymmet- 
ric flow conditions including both fully attached flows and separation-induced 
vortex flows. The experimental tests were conducted in the Langley high-speed 
7- by 10-foot tunnel at a Mach number of 0.12. The experimental tests included 
an additional configuration having a cylindrical fuselage mounted about one of 
the skewed wings. The purpose of the investigation was to determine the effects 
of sweep and aspect ratio on the longitudinal and lateral-directional aerody- 
namic characteristics of these skewed wings and to compare experimental with 
theoretical results. The results of this study are as follows: 

1. For a given aspect ratio and sweep angle, the theoretical effect of the 
skewed planform was to shift the loads to the sweptback semispan. The skewed 
wing, compared with the swept wing, has slightly less potential-flow lift, 
approximately the same leading-edge-vortex lift, and substantially less side- 
edge-vortex lift. 
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2. The effect of sweep on the experimental longitudinal aerodynamic char- 
acteristics was, in general, small, while the effect of aspect ratio was con- 
sistent with simple wing theory; an increase in aspect ratio increased lift- 
curve slope and decreased drag due to lift. As aspect ratio was increased, the 
angle of attack at which the wing stalled was decreased which resulted in a 
reduced maximum lift coefficient. The fuselage had little influence on the 
longitudinal aerodynamic characteristics. 

3. Experimental results indicated that the skewed wings exhibited rela- 
tively large values of rolling- and yawing-moment coefficients, at moderate to 
high angles of attack and zero sideslip. An increase in either sweep or aspect 
ratio tended to increase the experimental rolling-moment coefficients at low to 
moderate angles of attack and zero sideslip, while at high angles of attack, 
the lateral-directional aerodynamic coefficients showed extreme nonlinearities 
(including change of sign) due to the asymmetric nature of the leading- and 
side-edge vortices. Addition of the fuselage to the skewed wing linearized 

the rolling moment throughout the angle-of-attack range investigated by causing 
a vortex to form on the sweptback semispan at the wing-fuselage juncture. Flow 
patterns seen in oil-flow photographs correlated with measured characteristics. 

4. The measured lift and drag were consistently well estimated for all 
configurations, up to a lift coefficient of approximately 0.8, by the vortex- 
lattice— suction-analogy theory with both the edge-vortex and augmented-vortex 
terms included. 

5. The measured pitching moments were not as consistently well predicted 
by including the edge-vortex and augmented-vortex terms as the lift and drag 
were . The assumption about the centroidal location of the augmented-vortex 
lift resulted in overpredictions for the wing-alone configurations with 45^ 
and 55^ sweep and requires further study. 

6. Because the present theoretical method does not account for the inboard 
movement of the center of vortex lift with increasing angle of attack, the mea- 
sured rolling moments were well predicted only up to an angle of attack of 
approximately 6^ by the edge-vortex terms for the wing-alone configurations. 
Assumption of the centroidal location for the augmented-vortex lift resulted 

in substantial overpredictions of rolling moment throughout the angle-of-attack 
range investigated. 

7. The measured lift and drag on the wing-fuselage configuration were well 
estimated up to a lift coefficient of approximately 0.8. Pitching moments were 
reasonably well estimated throughout the angle-of-attack range investigated, 
while rolling moments were well estimated with the leading- and side-edge vor- 
tex contributions up to an angle of attack of approximately 16^. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
October 17, 1977 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODELS 


Model A, b Cp and c S 

number deg A X Fuselage 1 — 

cm in . cm in . m^ ft2 cm in. 

I 30 1.0 1 Off 60.96 24 60.96 24 0.37 4.00 15.24 6 

II 45 1.0 1 Off 60.96 24 60.96 24 .37 4.00 15.24 6 

III 55 1.0 1 Off 60.96 24 60.96 24 .37 4.00 15.24 6 

IV 30 1.5 1 Off 60.96 24 40.64 16 .25 2.67 10.16 4 

V 30 2.0 1 Off 60.96 24 30.48 12 .19 2.00 7.62 3 

VI 45 1.0 1 On 60.96 24 60.96 24 .37 4.00 15.24 6 

^See figure 8(a). 


TABLE II.- TEST PROGRAM MATRIX 
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TABLE III.- CONFIGURATIONS 


Run as listed 


A, 

A 

Dummy balance 

a, 

8, 

in table IV 

Pa 

deg 


housing 

deg ' 

deg 

1 

958 

45 

1 

Off 

-4 to 24 

0 

3 

958 

45 

1 

On 

-4 to 24 

0 

5 

958 

55 

1 

Off 

-4 to 24 

0 

7 

958 

55 

1 

On 

-4 to 24 

0 

9 

958 

30 

1 

On 

-4 to 24 

0 

11 

958 

30 

1 

Off 

-4 to 24 

0 

13 

958 

30 

1 

Off 

-4 to 24 

0 

15 

958 

30 

1 

On 

12 

-10 to 10 

17 

958 

30 

1 

Off 

12 

-10 to 10 

19 

958 

30 

1 

Off 

-4 to 24 

4 

21 

958 

30 

1 

On 

-4 to 24 

4 

23 

958 

45 

1 

On 

-4 to 24 

4 

26 

958 

45 

1 

Off 

-4 to 24 

4 

28 

958 

55 

1 

Off 

-4 to 24 

4 

30 

958 

55 

1 

On 

-4 to 24 

4 

32 

958 

55 

1 

On 

-4 to 24 

-4 

3^ 

958 

55 

1 

Off 

-4 to 24 

-4 

36 

958 

45 

1 

Off 

-4 to 24 

-4 

38 

958 

45 

1 

On 

-4 to 24 

-4 

40 

958 

30 

1 

Off 

-4 to 24 

-4 

42 

958 

1 

30 

1 

On 

-4 to 24 

-4 

44 

958 

30 

1 

Off 

6 

-10 to 10 

46 

958 

30 

1 

On 

6 

-10 to 10 

48 

958 

45 

1 

(a) 

-4 to 24 

0 

50 

958 

30 

1 .5 

Off 

-4 to 24 

0 

52 

958 

30 

1 .5 

On 

-4 to 24 

0 

54 

958 

30 

2 

Off 

-4 to 24 

0 

56 

958 

30 

2 

On 

-4 to 24 

0 


^Model VI. 



TABLE IV.- TABULATED RESULTS 


The symbols used in the 


tabulated data are as follows: 


RUN 

ALPHA 

BETA 

Q 

CL(SA) 

CD(SA) 

CPM(SA) 

CRM(SA) 

CYM(SA) 

CSF(SA) 

CRM(BA) 

CYM(BA) 


run number (see table III) 
angle of attack, deg 
angle of sideslip, deg 
free-stream dynamic pressure. Pa 
lift coefficient, stability axis 
drag coefficient, stability axis 
pitching-moment coefficient, stability axis 
rolling-moment coefficient, stability axis 
yawing-moment coefficient, stability axis 
side-force coefficient, stability axis 
rolling-moment coefficient, body axis 
yawing-moment coefficient, body axis 


RUN 1 


ALPHA 

OETA 

0 

CKSAI 

CO(SA) 

CPHtSA) 

CPN(SA) 

CYH(SA» 

CSF(SA) 

CPH(8A) 

CYMI8A) 

*.00 

*.00 

961.1110 

-.0070 

.OllA 

.0037 

-.0001 

-.0019 

.0035 

-.0001 

-.0019 

-2.86 

-.01 

961.0AA5 

-.0891 

• 01A7 

• 00A2 

-.OOIA 

-.0013 

.0009 

-.OOIA 

-.0012 

*1.00 

-.01 

961.0AA5 

-.0336 

.0120 

.0035 

-.0005 

-.0019 

• 0030 

-.0005 

-.0019 

• OA 

-.00 

961.7097 

-.0060 

.0115 

• OOAO 

-.0003 

-.0019 

.0032 

-.0003 

-.0019 

X.07 

• 00 

961.5101 

• 022A 

.0117 

.00A3 

.0001 

-.0019 

.0032 

.0002 

-.0019 

2.10 

• 01 

963.1729 

.0538 

.0125 

.00A5 

.0005 

-.0017 

.0023 

.0005 

-.0016 

3.16 

.01 

966.8309 

• 0858 

.OlAl 

.OOAO 

.0011 

-.OOIA 

• 0015 

• 0012 

-.0013 

A.23 

.02 

960.5126 

.1237 

.0170 

.0038 

.0016 

-.0011 

.0002 

.0016 

-.0010 

5.32 

.02 

960.AA61 

• 16A6 

.0227 

.0029 

.0027 

-.0016 

.0003 

.0029 

--OOIA 

6.AA 

.03 

962.AA15 

.2137 

• 0312 

.0008 

.0038 

-.0020 

• 0005 

• OOAO 

-.0016 

7.56 

.OA 

967.2966 

.2639 

• 0A16 

-.0022 

• 00A8 

-.002A 

.0002 

.0050 

-.0017 

6.68 

«0A 

959.5817 

.31A6 

.05A3 

-.0053 

.0053 

-.0027 

.0002 

.0056 

-.0019 

0.81 

• 05 

951.2673 

.3717 

.0701 

-.0093 

.0062 

-.0033 

.0003 

.0067 

-.0022 

10.99 

.05 

957.A532 

.A290 

.0865 

-.013A 

.0060 

-.0036 

• 0002 

.0066 

-.002A 

13.31 

.06 

9A5.8129 

.5A33 

.1327 

-.0227 

.0039 

-.0037 

-.0003 

.00A7 

-.0027 

15.71 

.07 

9A0.6909 

.6669 

.1907 

-.0328 

-.0011 

-.0030 

-.0009 

-.0002 

-.0032 

17.97 

.06 

9A5.9A60 

.7738 

.2537 

-.0A31 

-.0085 

-.0013 

-.0010 

-.0077 

-.0038 

20.23 

.OA 

9A9.5379 

.8706 

.3236 

-.0515 

-.018A 

• 0016 

-.0005 

-.0178 

-.O0A9 

22.39 

.01 

965.368A 

.9271 

.3858 

-.056A 

-.0317 

.0066 

.0011 

-.0318 

-.0060 

2A.29 

-.03 

952.3316 

.9880 

• A509 

-.06A0 

-.0A2A 

.0118 

.0026 

-.0A35 

-.0067 

.01 

-.00 

952.1320 

-.0028 

.OllA 

• OOAO 

-.0001 

-.0018 

.0029 

-.0001 

-.0018 
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TABLE IV.- Continued 


ALPHA 

BETA 

0 

CLISA ) 

RUN 

CD ( SA ) 

3 

CPN ( SA ) 

CRH ( SA ) 

CYM < SA | 

CSF ( SA ) 

CRH ( BA » 

CYM(BAI 

• 01 

-.00 

966.1616 

.0040 

.0114 

-.0008 

.0001 

-.0016 

.0033 

.0001 

-.0016 

• Z .97 

-.01 

960.0427 

-.0828 

.0146 

-.0005 

-.0010 

-.0010 

.0007 

-.0011 

-.0009 

- 1,02 

-.01 

959.3775 

-.0229 

• 0120 

-.0012 

-.0002 

-.0016 

.0031 

-.0002 

-.0016 

.00 

-.00 

963.1021 

.0032 

• 0116 

-.0008 

-.0000 

-.0016 

.0032 

-.0000 

-.0016 

1.03 

-.00 

963.3662 

.0302 

.0119 

-.0006 

.0003 

-.0016 

.0034 

.0003 

-.0016 

2.06 

.00 

961.3729 

.0608 

.0126 

-.0010 

.0009 

-.0013 

.0026 

.0010 

-.0013 

3.14 

.01 

959.1779 

.0960 

.0145 

-.0013 

.0012 

-.0009 

.0010 

.0012 

-.0009 

4.20 

.02 

960.6412 

.1325 

.0176 

-.0024 

.0022 

-.0008 

-.0002 

.0022 

-.0006 

5.29 

.02 

964.3659 

.1725 

.0228 

-.0027 

.002 5 

-.0009 

-.0005 

.0026 

-.0007 

6.40 

.03 

963.9668 

.2219 

.0315 

-.0049 

.0040 

-.0014 

-.0002 

.0041 

-.0010 

7.51 

.04 

959.5771 

.2691 

.0414 

-.0078 

.0054 

-.0020 

-.0009 

.0056 

-.0013 

6.63 

.05 

957.7146 

.3184 

.0529 

-.0108 

.0062 

-.0025 

-.0025 

.0066 

-.0016 

9,75 

• 06 

956.7837 

.3716 

• 0665 

-.0145 

.0072 

-.0029 

-.0052 

.0076 

-.0016 

10.91 

.07 

949.0660 

.4260 

.0829 

-.0179 

.0069 

-.0030 

-,0080 

.0074 

-.0017 

13.26 

.10 

960.3087 

.5433 

.1244 

-.0303 

.0062 

-.0021 

-.0169 

,0065 

-.0006 

15.61 

.11 

963.1021 

.6477 

.1750 

-.0431 

-.0014 

.0018 

-.0242 

-.0016 

.0013 

17.79 

• 09 

955.5198 

.7277 

.2275 

-.0504 

-.0115 

.0054 

-.0251 

-.0126 

.0016 

19.99 

.06 

953.3248 

.6079 

.2883 

-.0528 

-.0241 

.0091 

-.0212 

-.0257 

.0004 

22.15 

.02 

954.1229 

.6743 

.3506 

-.0559 

-.0347 

.0124 

-.0141 

-.0369 

-.0016 

24.06 

-.02 

937.4270 

.9320 

.4144 

-.0679 

-.0401 

.0142 

-.0033 

-.0424 

-.0034 

-.03 

-.00 

945.4759 

.0034 

.0114 

-.0010 

.0002 

-.0013 

.0024 

.0002 

-.0013 


ALPHA 

BETA 

0 

CL CSA ) 

RUN 

CD ( SA ) 

5 

CPH ( SA ) 

CRM ( SA ) 

CYM ( SA ) 

CSF ( SA ) 

CRH ( BA ) 

CYH ( BA ) 

.01 

-.00 

966.0919 

-.0009 

.0109 

.0028 

-.0003 

-.0017 

• 0031 

-.0003 

-.0017 

- 3.10 

-.01 

960.9709 

-.0881 

.0138 

.0042 

-.0015 

-.0008 

-.0001 

-.0016 

-.0007 

-.97 

-.01 

961.9686 

-.0278 

.0113 

.0023 

-.0002 

-.0016 

,0027 

-.0003 

-.0016 

.04 

-.00 

961.3699 

-.0020 

.0111 

• 0021 

.0001 

-.0017 

• 0030 

.0001 

-.0017 

1.07 

.00 

967.2226 

.0259 

.0115 

.0013 

.0008 

-.0015 

.0026 

.0008 

-.0015 

2.10 

.01 

959.9066 

.0565 

.0125 

.0005 

.0014 

-.0011 

.0018 

.0015 

-.0011 

3.14 

.01 

959.1066 

.0871 

.0145 

-.0001 

.0020 

-.0008 

.0005 

.0020 

-.0006 

4.22 

.02 

960.5053 

.1246 

.0186 

-.0017 

.0033 

-.0011 

-.0001 

.0034 

-.0008 

5.30 

.03 

961.0373 

.1671 

.0247 

-.0048 

.0051 

-.0015 

-.0004 

.0052 

-.0010 

6.40 

.03 

958.9090 

.2113 

.0327 

-.0089 

.0069 

-.0020 

-.0006 

.0071 

-.0012 

7.53 

.04 

957.7784 

.2646 

.0435 

-.0135 

.0084 

-.0025 

-.0008 

.008 6 

-.0014 

8.64 

.05 

957.7118 

,3207 

.0567 

-.0192 

.0101 

-.0030 

-.0013 

.0104 

-.0014 

9.76 

.06 

955.4504 

.3710 

.0712 

-.0232 

.0105 

-.0034 

-.0017 

.0109 

-.0016 

10.93 

.06 

957.7118 

.4243 

• 0687 

-.0276 

.0105 

-.0036 

-.0024 

.0110 

-.0015 

13.26 

.07 

948.6659 

.5394 

.1327 

-.0347 

.0075 

-.0036 

-.0035 

.0061 

-.0010 

15.65 

.07 

947.4022 

.6466 

.1865 

-.0385 

-.0000 

-.0027 

-.0044 

.0007 

-.0026 

17.98 

.06 

962.4341 

.7554 

.2494 

-.0388 

-.0109 

-.0009 

-.0043 

-.0101 

-.0042 

20.20 

.05 

951.3264 

.8472 

.3158 

-.0399 

-.0217 

.0019 

-.0043 

-.0210 

-.0057 

22.47 

.02 

964.2296 

.9386 

.3927 

-.0435 

-.0329 

.0051 

-.0031 

-.0324 

-.0079 

24.32 

-.01 

965.0942 

. 9787 

.4477 

-.0421 

-.0432 

.0093 

-.0016 

-.0432 

-.0093 

.02 

-.00 

964.7617 

• 0019 

.0107 

.0021 

.0000 

-.0016 

.0027 

• 0000 

-.0016 


ALPHA 

BETA 

0 

CUSA ) 

RUN 

CD ( SA ) 

7 

CPM < SA ) 

CRH ( SA ) 

CYM ( SA » 

CSF ( SA ) 

CRN ( BA ) 

CVNIBA ) 

• 00 

-.00 

965 . B 907 

.0034 

.0107 

-.0024 

.0004 

-.0013 

.0032 

• 0004 

-.0013 

- 3.04 

-.01 

960.1045 

-.0808 

.0133 

-.0010 

-.0008 

-.0005 

-.0001 

-.0008 

-.0005 

-.98 

-.01 

954.8500 

-.0197 

.0110 

-.0028 

.0004 

-.0013 

.0031 

.0004 

-.0013 

.04 

-.00 

957.7101 

.0053 

.0109 

-.0027 

.0006 

-.0013 

.0033 

.0006 

-.0013 

1.05 

-.00 

962.0332 

.0321 

.0113 

-.0033 

• 0012 

-.0011 

.0028 

• 0012 

-.0010 

2.09 

.01 

961.6342 

.0604 

.0124 

-.0048 

.0022 

-.0006 

.0015 

.0022 

-.0005 

3.14 

• 01 

961.5676 

• 0900 

.0144 

-.0057 

• 0028 

-.0002 

.0002 

.0028 

-.0000 

4.20 

.02 

963.3633 

.1285 

.0183 

-.0070 

.0040 

-.0005 

-,0008 

.0040 

-.0002 

5.30 

.03 

957.2445 

.1721 

.0248 

-.0101 

.0056 

-.0010 

-.0006 

.0057 

-.0004 

6.39 

.03 

957.6435 

.2167 

• 0326 

-.0142 

.0075 

-.0015 

-.0013 

.0076 

-.0007 

7.50 

.05 

956.6458 

.2656 

.042 3 

-.0176 

.0088 

-.0020 

-.0031 

.0090 

-.0009 

6.62 

.06 

960.5034 

.3133 

.0534 

-.0218 

.0104 

-.0025 

-.0054 

.0106 

-.0009 

9.75 

.07 

959.7052 

. 3676 

.0674 

-.0257 

.0115 

-.0027 

-.0093 

•one 

-.0007 

10.90 

• 09 

954.9828 

.4170 

• 0826 

-.0284 

.0114 

-.0026 

-.0132 

.0116 

-.0004 

13.26 

.12 

960.9023 

.5310 

.1229 

-.0355 

.0105 

-.0019 

-.0240 

.0106 

• 0006 

15.61 

• 15 

955.3154 

• 6419 

.1725 

-.0453 

.0073 

.0001 

.,0360 

.0071 

.0020 

17.85 

.17 

955.7145 

.7497 

.2309 

-.0564 

.0022 

.0032 

-.0465 

.0011 

• 0037 

20.13 

.16 

960.5698 

• 8380 

• 2952 

-.0592 

-.0109 

• 0080 

-.0516 

-.0130 

.0038 

22.24 

.09 

951.5906 

.8790 

.3497 

-.0429 

-.0307 

• 0140 

-.0426 

-.0337 

• 0013 

• 00 

-.00 

966.0899 

• 0043 

• 0106 

-.0027 

.0006 

-.0012 

.0029 

• 0006 

-.0012 
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f 

I 

1 

I 

TABLE IV.- Continued 1 


RUN 9 

ALPHA BETA Q CLISA ) COtSA ) CPH(SAI CRH(SAI CYHJSA ) CSFCSA ) CRHCBA ) CYH ( BA ) 

•01 -*00 952.6654 .0040 .0125 -.0022 .0002 -.0014 .0024 .0002 -.0014 

- 2.06 -.01 958.1175 -.0555 .0137 -.0039 -.0000 -.0012 .0013 -.0001 -.0012 

-.98 -.00 957.7184 -.0228 .0126 -.0033 .0002 -.0013 .0019 .0001 -.0013 

.05 -.00 956.8538 .0064 .0124 -.0020 .0002 -.0013 .0023 .0002 -.0013 

1.06 .00 961.7756 .0313 .0130 -.0013 .0006 -.0013 .0024 .0006 -.0013 

2,13 ,01 970.4217 .0659 .0143 -.0008 .0010 -.0012 .0021 .0010 -.0012 

3.19 .01 961.3099 .0987 .0164 -.0008 .0014 -.0011 .0018 .0015 -.0010 

A , 25 ,02 956.2551 .1356 .0194 -.0011 .0021 -.0009 .0007 .0022 -.0007 

5.34 .02 957.7182 .1769 .0238 -.0011 .0023 -.0008 -.0003 .0023 -.0006 

6.45 .03 956.3214 .2208 .0317 -.0011 .0023 -.0010 -.0003 .0024 -.0007 

7,57 ,03 964.3693 .2691 .0425 -.0024 .0030 -.0012 -.0000 .0032 -.0008 

8.70 .04 964.3693 .3182 .0546 -.0043 .0031 -.0014 -.0007 .0032 -.0009 

9.81 .05 953.7937 .3709 .0683 -.0076 .0032 -.0013 -.0025 .0034 -.0008 

10.99 .06 963.1055 . 4229 .0843 -.0115 .0029 -.0008 -.0052 .0030 -.0003 

12.11 .07 954.3923 .4791 .1031 -.0177 .0032 -.0002 -.0080 .0031 .0005 

15.63 .06 947.8738 .6445 .1791 -.0442 -.0042 .0037 -.0083 -.0051 .0025 

17.83 .04 949.4701 .7339 .2357 -.0607 -.0115 .0059 -.0034 -.0128 .0021 

20.02 .01 960.2452 .8182 .2992 -.0807 -.0177 .0082 .0019 -.0195 .0016 

22.10 -.01 964.2358 .8835 .3611 -.1066 -.0223 .0111 .0065 -.0248 .0019 

24.31 -.02 958.5624 .9737 .4410 -.1326 -.0219 .0127 .0077 -.0252 .0026 

•01 -.00 959.5136 .0052 .0125 -.0022 .0004 -.0013 .0022 .0004 -.0013 


RUN 11 


ALPHA 

BETA 

0 

CL ( SA ) 

CD ( SA ) 

CPH ( SA ) 

CRH ( SA ) 

CYH ( SA » 

CSF ( SaT 

CRN ! BA ) 

CYH ( BA ) 

• 00 

-.00 

957.7018 

-.0031 

.0128 

.0025 

.0001 

-.0016 

.0028 

.0001 

-.0016 

- 2.27 

-.01 

953.9107 

-.0681 

.0148 

• 0006 

-.0002 

-.0015 

.0016 

-.0003 

-.0015 

-.99 

-.00 

957.7018 

-.0310 

.0132 

• 0014 

-.0000 

-.0016 

.0026 

-.0000 

-.0016 

.05 

-.00 

951.5628 

• 0004 

.0129 

.0025 

• 0004 

-.0016 

• 0027 

• 0004 

-.0016 

1.07 

.00 

969.6066 

• 0273 

.0132 

• 0035 

.0006 

-.0016 

.0027 

• 0006 

-.0016 

2.12 

• 01 

975.6568 

.0589 

• 0142 

.0039 

.0011 

-.0014 

.0024 

.0011 

-.0014 

3.20 

• 01 

959.0984 

• 0942 

• 0165 

• 0043 

.0014 

-.0013 

• 0020 

• 0014 

-.0013 

4.25 

.02 

957.7017 

• 1303 

.0193 

• 0045 

.0017 

-.0011 

• 0010 

• 0018 

-.0010 

5.34 

• 02 

954.3761 

.1740 

.0240 

.0042 

• 0021 

-.0010 

• 0002 

• 0022 

-, 000 a 

6.47 

.03 

963.2219 

• 2176 

• 0315 

• 0038 

.0028 

-.0012 

-.0000 

• 0029 

-.0009 

7.58 

• 03 

960.3620 

.2659 

.0420 

.0028 

.0027 

-.0013 

• 0004 

• 0026 

-.0010 

8.70 

•04 

956.8370 

• 3182 

.0547 

• 0002 

• 0027 

-.0014 

• 0003 

•0029 

-.0010 

9.82 

• 04 

954.3761 

.3705 

• 0699 

-.0036 

• 0026 

-.0015 

• 0007 

•0028 

-.0010 

10.99 

• 04 

959.6969 

• 4251 

.0880 

-,0086 

• 0019 

-.0015 

• 0010 

• 0021 

-.0012 

13.32 

• 05 

955.2408 

.5416 

.1327 

-.0211 

-.0005 

-.0014 

.0019 

-.0001 

-.0015 

15.72 

• 04 

962.2908 

.6579 

.1891 

-.0363 

-.0063 

-.0001 

• 0036 

-.0060 

-.0018 

17.93 

• 02 

968.0105 

.7539 

• 2483 

-.0536 

-.0131 

• 0025 

• 0051 

-.0132 

-. 001 ? 

19.92 

.00 

964.4857 

• 8301 

.3063 

-.0717 

-.0204 

• 0061 

• 0072 

-.0213 

-.0012 

22.14 

-.02 

955.6400 

• 9006 

.3735 

-.1015 

-.0251 

.0100 

• 0108 

-.0270 

-.0002 

24.26 

-.03 

975.5919 

.9856 

.4515 

-.1314 

-.0246 

• 0114 

.0134 

-.0271 

.0003 

.00 

-.00 

960.5617 

-.0035 

• 0128 

• 0024 

.0004 

-.0015 

• 0022 

.0004 

-.0015 


RUN 13 


ALPHA 

BETA 

0 

CL ( SA ) 

CDISA ) 

CPH ( SA ) 

CRN ( SA ) 

CYN ( SA ) 

CSF ( SA ) 

CRN ( BA ) 

CYNtBA ) 

.00 

-.00 

954.8421 

-.0025 

.0125 

• 0028 

.0001 

-.0014 

.0019 

.0001 

-.0016 

- 2.61 

-.01 

957.3030 

-.0827 

.0145 

• 0009 

-.0005 

-.0012 

• 0005 

-.0005 

-.0012 

-.98 

-.00 

955 . 1 T 47 

-.0308 

• 0126 

• 0017 

-.0001 

-.0016 

• 0018 

-.0001 

-.0016 

.04 

•00 

954.9086 

-.0029 

.0124 

• 0028 

• 0001 

-.0016 

.0019 

.0001 

-.0016 

1.06 

• 00 

959.6973 

• 0276 

• 0127 

• 0038 

.0006 

-.0016 

• 0020 

• 0005 

-.0016 

2.12 

.01 

961.4931 

• 0585 

• 0138 

.0065 

.0007 

-.0013 

• 0018 

.0007 

-.0013 

3.20 

• 01 

966.4611 

.0947 

• 0155 

.0067 

.0010 

-.0011 

• 0013 

.0011 

-.0011 

4.26 

• 02 

968.4096 

.1322 

• 0182 

• 0065 

.0019 

-.0008 

• 0000 

.0019 

-.0006 

5.34 

• 02 

954.9751 

.1711 

• 0227 

• 0065 

.0021 

-.0008 

-.0004 

• 0022 

-.0006 

6.46 

• 03 

954.6423 

.2179 

• 0305 

• 0063 

.0024 

-.0010 

-.0003 

• 0025 

-.0007 

7 . 5 B 

.03 

954.9749 

.2682 

• 0410 

.0030 

.0025 

-.0011 

-.0002 

• 0026 

-.0006 

$.70 

• 04 

956.3050 

• 3166 

• 0534 

• 0005 

.0027 

-.0012 

• 0001 

.0028 

-.0006 

9.83 

.04 

954.9082 

• 3715 

• 0691 

-.0029 

.0016 

-.0012 

• 0006 

.0016 

-.0009 

11.01 

• 04 

944.6650 

• 4336 

.0886 

-.0086 

.0012 

-.0013 

.0012 

• 0014 

-.0011 

13.36 

• 04 

957.7016 

.5515 

.1362 

-.0216 

-.0010 

-.0016 

• 0026 

-.0007 

-.0015 

15.75 

•04 

966.3475 

• 6659 

• 1904 

-.0368 

-.0068 

.0001 

• 0040 

-.0066 

-.0017 

17.97 

.02 

960.5614 

.7677 

.2520 

-.0553 

-.0149 

.0031 

• 0058 

-.0151 

-.0016 

20.10 

-.01 

957.0364 

• 8683 

.3167 

-.0762 

-.0221 

.0069 

.0087 

-.0231 

-.0012 

22 . 1 S 

-.03 

959.8963 

• 9149 

• 3786 

-.1070 

-.0255 

• 0105 

• 0119 

-.0276 

• 0001 

24.34 

-.03 

962.4901 

1.0074 

• 6608 

-.1356 

-.0250 

• 0116 

.0141 

-.0276 

• 0003 

• 01 

.00 

963.0887 

-.0030 

• 0125 

.0026 

• 0004 

-.0014 

• 0019 

• 0004 

-.0016 
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TABLE IV.- Continued 


RUN 15 


ALPHA 

BETA 

Q 

CL < SA > 

CO ( SA ) 

CPHCSAl 

CRHCSAl 

CYHISAI 

CSFfSAI 

CftH ( 6 Al 

CVHCBAJ 

13 .At 

*02 

961.0663 

.9533 

.1365 

-.0262 

-.0006 

.0016 

-.0069 

-.0006 

• 0016 

13.90 

- 3.63 

996.3636 

.9725 

.1662 

-.0390 

.0106 

-.0017 

-.0067 

• 0106 

• 0007 

13.93 

- 7.76 

997.7606 

.9879 

.1673 

-.0612 

.0206 

-.0069 

-.0023 

.0212 

.0000 

13 . 9 A 

- 9.76 

992.0397 

.9996 

.1691 

-.0666 

.0269 

-.0066 

-.0007 

.0257 

-.0006 

13.96 

- 10.27 

963.7670 

.5972 

.1697 

-.0653 

.0257 

-.0067 

-.0006 

.0266 

-.0009 

13.96 

- 9.76 

963.6610 

.9966 

• 1693 

-.0667 

.0266 

-.0062 

-.0012 

.0296 

-.0003 

13«99 

- 6.76 

966.6760 

.9915 

.1660 

-.0626 

.0227 

-.0096 

-.0019 

.0236 

-.0001 

13.93 

- 7.79 

962.2037 

.9662 

.1667 

-.0606 

• 0202 

-.0067 

-.0025 

.0208 

• 0001 

13.93 

- 6.76 

966.6122 

.5636 

.1661 

-.0396 

.0176 

-.0061 

-.0029 

.0163 

.0002 

13.92 

- 9.77 

962.7693 

.9797 

.1693 

-.0376 

.0191 

-.0031 

-.0036 

.0196 

• 0009 

13.91 

- 6.73 

962.3901 

.5753 

.1663 

-.0363 

.0126 

-.0022 

-.0062 

.0126 

.0007 

13.90 

- 3.62 

961.2699 

.9692 

.1629 

-.0366 

.0106 

-.0019 

-.0052 

.0106 

.0010 

13.69 

- 2.67 

960.0687 

.9696 

.1620 

-.0336 

.0060 

-.0006 

-.0096 

.0060 

.0011 

13.69 

- 1.91 

960.0668 

.9609 

.1606 

-.0312 

.0068 

• 0001 

-.0065 

>0067 

.0012 

13.66 

-.96 

960.1993 

.5596 

.1392 

-.0300 

.0027 

.0009 

-.0060 

.0029 

.0019 

13.66 

.00 

961.0201 

.9926 

.1360 

-.0260 

-.0002 

.0016 

-.0005 

-.0006 

.0019 

13.66 

.96 

996.0979 

.9671 

.1362 

-.0296 

-.0029 

• 0026 

-.0096 

-.0036 

.0017 

13.66 

1.91 

993.0380 

.9627 

.1369 

-.0236 

-.0052 

.0029 

-.0106 

-.0057 

• 0016 

13.69 

2.90 

997.7611 

.9396 

.1333 

-.0217 

-.0081 

.0036 

-.0107 

-.0067 

• 0019 

13.67 

3.61 

966.6126 

.9333 

.1326 

-.0196 

-.0109 

.0060 

-.0111 

-.0115 

.0013 

13.67 

6.76 

963.7676 

.9279 

.1317 

-.0179 

-.0137 

.0069 

-.0116 

-.0166 

.0012 

13.66 

9.71 

966.6697 

.9256 

.1319 

-.0196 

-.0166 

• 0069 

-.0113 

-.0171 

• 0010 

13.66 

6.69 

999.6906 

.9177 

.1300 

-.0136 

-.0189 

.0053 

-.0113 

-.0197 

• 0006 

13.67 

7.99 

966.6129 

.9133 

.1296 

-.0115 

-.0213 

.0057 

-.0112 

-.0221 

.0006 

13.67 

6.60 

967.6096 

.9079 

.1267 

-.0092 

-.0261 

• 0061 

-.0107 

-.0269 

.0003 

13.69 

.02 

969.3662 

.9916 

.1363 

-.0277 

.0000 

.0018 

-.0096 

-.0006 

.0016 






RUN 

17 






ALPHA 

BETA 

Q 

CUSA ) 

CD ( SA ) 

CPHISA ) 

CRH(SAI 

CYMCSAI 

CSF ( SA ) 

CRH ( BA ) 

CYMBAJ 

13.92 

.01 

999.6909 

.9988 

.1663 

-.0217 

-.0029 

-.0013 

• 0060 

-.0025 

-.0019 

13.91 

- 3.81 

999.6996 

.5726 

.1500 

-.0312 

.0057 

-.0036 

• 0092 

.0066 

-.0021 

13.53 

- 7.80 

960.9969 

• 5666 

.1933 

-.0605 

• 0129 

-.0053 

.0066 

• 0136 

-.0022 

13.96 

- 9.79 

999.1990 

• 9969 

.1962 

-.0662 

.0160 

-.0061 

.0066 

.0170 

-.0022 

13.53 

- 10.23 

996.3698 

.5966 

.1993 

-.0671 

• 0173 

-.0066 

• 0069 

.0163 

-.0022 

13.96 

- 9.77 

962.9909 

.9953 

.1556 

-.0660 

.0196 

-.0062 

.0076 

.0166 

-.0023 

13.96 

- 6.73 

966.6799 

.5909 

.1963 

-.0632 

• 0162 

-.0057 

.0066 

.0151 

-.0022 

13.59 

- 7.75 

966.2769 

.9899 

.1961 

-.0611 

.0123 

-.0053 

.0065 

• 0132 

-.0023 

13.96 

- 6.77 

969.7663 

• 9860 

.1933 

-.0367 

.0110 

-.0069 

• 0098 

.0118 

-.0022 

13.96 

- 5.79 

967.7399 

.5790 

.1919 

-.0358 

.0092 

-.0069 

.0097 

.0100 

-.0022 

13.93 

- 6.80 

967.7399 

.9799 

.1907 

-.0336 

.0072 

-.0060 

.0058 

.0079 

-.0022 

13.93 

- 3.63 

966.6060 

.9737 

• 1900 

-.0311 

.0091 

-.0036 

.0096 

.0056 

-.0021 

13.93 

- 2.87 

961.6606 

• 9603 

.1666 

-.0286 

.0037 

-.0030 

.0090 

• 0063 

-.0021 

13.93 

- 1.91 

966.2101 

.9662 

.1679 

-.0263 

.0016 

-.0025 

.0069 

.0020 

-.0021 

13.93 

-.96 

970.6000 

• 9619 

.1667 

-.0239 

-.0007 

-.0019 

.0069 

-.0002 

-.0020 

13.96 

• 01 

969.0702 

• 9602 

• 1660 

-.0219 

-.0030 

-.0013 

• 0060 

-.0027 

-.0020 

13.92 

.97 

966.0192 

.9960 

• 1663 

-.0196 

-.0069 

-.0008 

.0039 

-.0066 

-.0019 

13.92 

1.91 

996.6936 

.9538 

• 1661 

-.0180 

-.0070 

-.0003 

.0037 

-.0067 

-.0019 

13.92 

2.67 

959.6299 

.9678 

.1629 

-.0156 

-.0097 

.0006 

• 0032 

-.0095 

-.0018 

13.93 

3.60 

963.1909 

• 9696 

• 1619 

-.0138 

-.0123 

.0011 

.0031 

-.0122 

-.0018 

13.93 

6.79 

966.0616 

.9623 

.1611 

-.0117 

-.0196 

.0018 

.0030 

-.0196 

-.0018 

13.93 

5.69 

966.2768 

.9357 

• 1395 

-.0093 

-.0181 

.0025 

.0026 

-.0182 

-.0018 

13.96 

6.61 

969.2033 

.9360 

.1392 

-.0075 

-.0209 

.0031 

.0021 

-.0207 

-.0017 

13.96 

7.56 

967.2765 

.9287 

• 1378 

-.0055 

-.0229 

.0039 

.0016 

-.0232 

-.0016 

13.99 

6.69 

971.0699 

• 9298 

.1373 

-.0038 

-.0257 

.0066 

• 0013 

-.0260 

-.0016 

13.56 

9.36 

971.1691 

.9191 

.1357 

-.0019 

-.0266 

.0093 

.0010 

-.0290 

-.0015 

13.53 

.01 

966.2719 

.9572 

.1668 

-.0216 

-.0027 

-.0016 

.0061 

-.0023 

-.0020 


ALPHA 

BETA 

0 

CL(SAI 

RUN 

CO(SAi 

19 

CPN ( SA 1 

CRN ( SA ) 

CYH ( SA ) 

CSF ( SA ) 

CRMIBAI 

CYH ( 6 A ) 

-.00 

6.00 

963.9670 

-.0035 

• 0116 

.0029 

-.0003 

-.0013 

.0011 

-.0003 

-.0013 

- 3.15 

6.00 

996.7666 

-.0966 

.0169 

-.0008 

• 0019 

-.0008 

-.0011 

.0019 

-.0009 

- 1.00 

6.00 

957.7823 

-.0301 

• 0116 

• 0010 

.0002 

-.0011 

• 0003 

• 0002 

-.0011 

• 05 

6.00 

960.3097 

-.0022 

• 0113 

.0025 

-.0003 

-.0012 

• 0008 

-.0003 

-.0012 

1.09 

6.00 

966.6323 

• 0266 

• 0117 

.0039 

-.0006 

-.0012 

.0009 

-.0007 

-.0012 

2.12 

6.00 

966.3667 

.0552 

.0127 

• 0069 

-.0013 

-.0010 

.0008 

-.0013 

-.0011 

3.18 

6.00 

961.8396 

.0870 

.0166 

.0096 

-.0019 

-.0008 

.0003 

-.0019 

-.0009 

6.26 

6.00 

966.2338 

.1233 

• 0173 

.0061 

-.0026 

-.0005 

-.0002 

-.0026 

-.0007 

9.36 

3.99 

961.5739 

.1629 

.0216 

.0068 

-.0033 

-.0006 

-.0010 

-.0032 

-.0007 

6.52 

3.96 

963.7018 

• 2091 

• 0300 

• 0070 

-.0060 

-.0009 

-.0006 

-.0039 

-.0010 

7.56 

3.98 

960.2632 

.2938 

.0395 

.0061 

-.0066 

-.0006 

-.0003 

-.0065 

-.0010 

8.76 

3.97 

952.6603 

• 3099 

.0522 

.0038 

-.0069 

-.0003 

-.0009 

-.0068 

-.0010 

9.80 

3.96 

960.6216 

• 3939 

• 0660 

.0010 

-.0060 

-.0001 

• 0001 

-.0099 

-.0011 

10.96 

3.96 

961.2609 

.6101 

• 0836 

-.0033 

-.0069 

• 0001 

• 0009 

-.0066 

-.0012 

13.37 

3.91 

967.6261 

.5306 

.1289 

-.0162 

-.0100 

.0011 

•0006 

-.0100 

-.0012 

15.78 

3.86 

962.9036 

.6671 

• 1651 

-.0276 

-.0160 

.0031 

• 0018 

-.0163 

-.0016 

16.01 

3.60 

963.3691 

.7936 

.2671 

-.0621 

-.0226 

• 0099 

• 0030 

-.0233 

-.0016 

20.19 

3.76 

956.7226 

.8637 

• 3130 

-.0592 

-.0297 

• 0098 

• 0092 

-.0312 

-.0013 

22.62 

3.69 

966.9996 

.9270 

• 3870 

-.0833 

-.0366 

.0168 

.0079 

-.0992 

-.0006 

23.20 

3.62 

970.9509 

• 9921 

• 6133 

-.0926 

-.0366 

• 0166 

.0096 

-.0618 

• 0001 

• 01 

6.00 

960.9081 

-.0039 

.0111 

.0023 

-.0000 

-.0011 

.0000 

-.0000 

-.0011 


25 



ALPHA 

• 00 
- 3 , 3 $ 
-.98 
.06 
1.09 
2.13 
3.19 
4.27 
9.36 
6.46 
7.97 
8.70 
9.84 
11.04 
13.32 
19.69 
17.94 
20.02 
22.37 
22.92 
.00 


ALPHA 

• 01 
- 3.31 
-.97 

• 04 
1.08 
2,11 
3.18 
4.22 
9.31 
6.42 
7.94 
8,66 
9.77 
10.97 

13.29 
19.68 
17.94 
20,16 

22.30 
23,16 

.01 


ALPHA 

• 00 
- 3.44 
-.97 
• 09 
1.07 
2.12 
3.18 
4.22 
9.32 
6.43 
7.96 
8.68 
9.79 
11.00 
13,36 
19.76 
18.06 
20.28 
22.99 
23.33 
.01 


TABLE IV.- Continued 


RUN 21 


BETA 

0 

CLtSA ) 

CD ( SA 1 

CPHtSA ) 

CRN ( SA ) 

CYN ( SA ) 

CSFCSAl 

CRN ( 8 A | 

CYN ( 8 A ) 

4.01 

994.4049 

• 0044 

.0120 

-.0018 

• 0001 

-.0009 

-.0011 

• 0001 

-.0009 

4.00 

994.8040 

-.0932 

.0190 

-.0052 

.0021 

-.0006 

-.0029 

• 0020 

-.0007 

4.01 

964.2489 

-.0219 

• 0122 

-.0033 

.0007 

-.0010 

-.0010 

.0007 

-.0010 

4.01 

963.6903 

.0064 

.0121 

-.0018 

.0001 

-.0010 

-•0006 

.0001 

-.0010 

4.00 

999.1939 

.0306 

.0124 

-.0008 

-.0001 

-.0011 

-.0002 

-.0001 

-.0011 

4.00 

964.9814 

.0620 

• 0136 

.0002 

-.0007 

-.0010 

-.0003 

-.0006 

-.0010 

4.00 

994.4049 

.0962 

• 0196 

•0010 

-.0016 

-.0007 

-.0010 

-.0016 

-.0007 

4.00 

962.3866 

.1334 

.0187 

.0013 

-.0020 

-.0005 

-.0014 

-.0020 

-.0006 

4.00 

972.4299 

.1727 

.0235 

.0017 

-.0024 

-.0004 

-.0021 

-.0024 

-.0006 

3.99 

997.1989 

.2143 

.0315 

.0021 

-.0031 

-.0004 

-.0023 

-.0030 

-.0007 

3.98 

994.4049 

.2646 

• 0426 

• 0012 

-.0037 

-.0006 

-.0014 

-.0036 

-.0011 

3.97 

999.1939 

.3140 

.0951 

-.0013 

-.0038 

-.0006 

-.0016 

-.0036 

-.0011 

3.96 

994.8709 

.3621 

.0690 

-.0034 

-.0054 

-.0000 

-.0029 

-.0053 

-.0009 

3.96 

970.8998 

.4203 

.0863 

-.0078 

-.0071 

.0009 

-.0059 

-.0072 

-.0004 

3.93 

996.0013 

.9273 

.1290 

-.0203 

-.0093 

.0037 

-.0122 

-.0099 

.0014 

3.89 

996.9329 

.6368 

.1773 

-.0369 

-.0140 

.0070 

-.0137 

-.0154 

.0029 

3.82 

960.3247 

.7392 

.2379 

-.0532 

-.0223 

• 0108 

-.0096 

-.0246 

• 0034 

3.79 

991.3491 

.8189 

• 2980 

-.0700 

-.0290 

.0141 

-.0049 

-.0320 

.0033 

3.66 

993.8728 

.9033 

.3736 

-.0951 

-.0338 

.0176 

• 0009 

-.0380 

.0034 

3.64 

997.7306 

.9292 

.3934 

-.1040 

-.0347 

.0186 

.0029 

-.0392 

.0036 

4.01 

992.8790 

.0045 

• 0118 

-.0019 

• 0002 

-.0010 

-.0011 

• 0002 

-.0010 


RUN 23 


BETA 

0 

CUSAI 

CD ( SA ) 

CPH ( SA ) 

CRN ( SA ) 

CYH ( SA ) 

CSF ( SA ) 

CRH ( 8 A ) 

CYN ( BA ) 

4.00 

955.4654 

.0029 

.0113 

.0001 

-.0002 

-.0013 

.0003 

-.0002 

-.0013 

4.00 

942.0953 

-.0894 

.0144 

-.0023 

.0011 

-.0006 

-.0023 

• 0010 

-.0006 

4.00 

947.7495 

-.0220 

• 0116 

-.0007 

-.0000 

-.0012 

-.0000 

-.0001 

-.0012 

4.00 

994.4011 

.0027 

.0116 

• 0002 

-.0003 

-.0012 

.0001 

-.0003 

-.0012 

4.00 

954.4011 

.0284 

.0121 

• 0009 

-.0004 

-.0011 

-.0002 

-.0004 

-.0011 

4.00 

954.4011 

.0567 

.0133 

.0017 

-.0010 

-.0009 

-.0007 

-.0009 

-.0010 

4.00 

959.4562 

• 0890 

.0154 

.0017 

-.0010 

-.0007 

-.0015 

-.0009 

-.0007 

4.00 

961.0525 

.1223 

• 0189 

• 0023 

-.0016 

-.0004 

-.0029 

-. 00 X 5 

-.0005 

4.00 

958.7244 

.1611 

• 0236 

• 0025 

-.0017 

-.0005 

-.0034 

-.0016 

-.0006 

3.99 

957.5937 

.2071 

.0321 

.0010 

-.0008 

-.0008 

-.0031 

-.0007 

-.0009 

3.99 

954.4009 

• 2535 

• 0422 

-.0005 

-.0007 

-.0010 

-.0035 

-.0005 

-.0011 

3.99 

994.4009 

.3036 

• 0538 

-.0025 

-.0006 

-.0010 

-.0052 

-.0004 

-.0011 

3.98 

994.4009 

.3498 

.0667 

-.0045 

-.0008 

-.0011 

-.0069 

-.0006 

-.0012 

3.98 

965.3090 

• 4022 

• 0829 

-.0069 

-.0020 

-.0009 

-.0093 

-.0018 

-.0012 

3.96 

950.4764 

.5154 

• 1226 

-.0168 

-.0039 

.0007 

-.0179 

-.0040 

-.0002 

3.94 

956.6523 

.6333 

.1744 

-.0297 

-.0078 

.0037 

-.0276 

-.0085 

.0014 

3.90 

954.9994 

.7396 

.2333 

-.0425 

-.0138 

• 0078 

-.0339 

-.0155 

• 0032 

3.83 

996.7288 

.8258 

.2965 

-.0526 

-.0240 

.0126 

-.0345 

-.0268 

• 0036 

3.74 

950.4100 

.8899 

.3590 

-.0563 

-.0357 

.0176 

-.0309 

-.0397 

• 0027 

3.70 

955.3321 

.9118 

• 3845 

-.0561 

-.0411 

• 0200 

-.0285 

-.0457 

.0022 

4.01 

961.4515 

.0022 

.0110 

.0002 

-.0002 

-.0010 

-.0008 

-.0002 

-.0010 


RUN 26 


BETA 

Q 

CLfSAI 

CD ( SA 1 

CPHCSAJ 

CRN(SAI 

CYH ( SA » 

CSF ( SA | 

CPH ( BA ) 

CYNUA ) 

4.00 

957.9251 

-.0037 

.0109 

• 0038 

-.0007 

-.0014 

.0014 

-.0007 

-.0014 

4.00 

948.5463 

-.0980 

• 0148 

• 0017 

.0005 

-.0006 

-.0012 

.0005 

-.0006 

4.00 

962.0489 

-.0274 

.0112 

.0031 

-.0009 

-.0013 

• 0011 

-.0005 

-.0013 

4.00 

962.7806 

-.0023 

.0111 

.0037 

-.0005 

-.0015 

.0015 

-.0005 

-.0015 

4.00 

960.7186 

.0219 

• 0114 

• 0049 

-.0011 

-.0013 

.0012 

-.0011 

-.0013 

4.00 

951.6058 

.0920 

.0125 

.0057 

-.0015 

-.0010 

• 0006 

-.0015 

-.0011 

4.00 

953.9343 

• 0849 

.0145 

• 0069 

-.0021 

-.0008 

.0001 

-.0020 

-.0009 

4.00 

956.4619 

.1161 

.0175 

.0064 

-.0021 

..0006 

-.0009 

-.0021 

-.0007 

3.99 

958.9903 

.1944 

.0226 

• 0061 

-.0016 

-.0007 

-.0012 

-.0016 

-.0009 

3.99 

959.0651 

.2019 

.0310 

• 0054 

-.0016 

-.0010 

-.0007 

-.0014 

-.0012 

3.98 

951.0742 

.2915 

.0416 

.0033 

-.0010 

-.0012 

-.0009 

-.0009 

-.0013 

3.98 

998.2578 

.3017 

.0539 

.0010 

-.0009 

-.0014 

-.0008 

-.0007 

-.0015 

3.97 

952.4045 

.3911 

• 0680 

-.0010 

-.0014 

-.0014 

-.0009 

-.0011 

-.0017 

3.96 

953.6683 

.4124 

.0870 

-.0047 

-.0019 

-.0014 

-.0014 

-.0016 

-.0017 

3.93 

959.9880 

• 5280 

.1309 

-.0133 

-.0047 

-.0009 

-.0014 

-.0044 

-.0020 

3.89 

963.3792 

• 6444 

.1863 

-.0209 

-.0098 

.0004 

-.0018 

-.0096 

-.0023 

3.84 

957.8987 

.7554 

• 2501 

-.0304 

-.0171 

• 0026 

-.0023 

-.0171 

-.0027 

3.78 

949.1541 

• 8593 

.3210 

-.0408 

-.0246 

.0055 

-.0022 

-.0250 

-.0034 

3.70 

953.3357 

.9947 

.3998 

-.0494 

-.0351 

.0101 

-.0020 

-.0363 

-.0042 

3.67 

960.9897 

• 9812 

• 4267 

-.0512 

-.0396 

.0123 

-.0021 

-.0413 

-.0043 

4.00 

949.2117 

-.0032 

.0110 

.0038 

-.0006 

-.0014 

• 0015 

-.0006 

-.0014 


26 


TABLE IV.- Continued 






RUN 

28 






ALPHA 

BETA 

0 

CUSAI 

CO ( SA ) 

CPH ( SA ) 

CRH ( SA ) 

CYM ( SA ) 

CSF ( SA ) 

CRHCBA ) 

CYN ( BA ) 

• 01 

4.00 

962.9781 

.0007 

• 0100 

.0020 

-.0003 

-.0010 

.0010 

..0003 

-.0010 

- 3.24 

4.00 

956.2603 

-.0814 

.0131 

• 0008 

.0002 

-.0000 

-.0020 

.0002 

-.0001 

-.98 

4.00 

959.5860 

-.0238 

.0104 

.0013 

-.0001 

-.0008 

.0005 

-.0001 

-.0008 

• 03 

4.00 

963.1111 

-.0011 

.0102 

.0018 

-.0001 

-.0010 

.0009 

-.0001 

-.0010 

1.06 

4.00 

958.3888 

.0245 

.0107 

• 0025 

-.0006 

-.0008 

• 0009 

-.0005 

-.0008 

2.12 

4.00 

961.3818 

.0911 

.0117 

• 0031 

-.0008 

-.0004 

.0002 

-.0008 

-.0005 

3.15 

4.00 

963.1776 

.0773 

.0134 

• 0030 

-.0007 

.0000 

-.0011 

-.0007 

-.0000 

4.20 

4.00 

953.7993 

.1123 

.0171 

.0020 

.0002 

-.0002 

-.0016 

.0002 

-.0002 

5.27 

4.00 

957.0985 

.1484 

.0224 

.0005 

.0010 

-.0004 

-.0019 

.0010 

-.0003 

6.37 

3.99 

960.1181 

.1920 

.0299 

-.0025 

.0021 

-.0006 

-.0019 

.0022 

-.0004 

7.48 

3.99 

960.8496 

.2407 

.0396 

-.0056 

.0028 

-.0007 

-.0028 

.0029 

-.0003 

8.60 

3.98 

959.6617 

.2875 

.0510 

-.0084 

.0029 

-.0010 

-.0027 

.0031 

-.0006 

9.72 

3.97 

956.7923 

.3388 

• 0651 

-.0113 

.0029 

-.0011 

-.0027 

.0026 

-.0007 

10.90 

3.96 

949.6792 

• 3993 

.0825 

-.0149 

.0017 

-.0011 

-.0035 

.0018 

-.0007 

13.24 

3.93 

954.3978 

• 9014 

.1234 

-.0203 

-.0023 

-.0004 

-.0040 

-.0022 

-.0010 

15.68 

3.89 

965.1727 

• 6191 

.1763 

-.0233 

-.0101 

.0012 

-.0046 

-.0100 

-.0016 

17.99 

3.84 

969.1062 

.7286 

• 2401 

-.0267 

-.0177 

.0034 

-.0056 

-.0179 

-.0022 

20.28 

3.78 

961.4481 

• 8276 

.3089 

-.0257 

-.0276 

.0066 

-.0059 

-.0283 

-.0032 

22.49 

3.70 

954.3312 

.9121 

.3805 

-.0240 

-.0398 

.0114 

-.0060 

-.0411 

-.0047 

23.54 

3.66 

959.1866 

.9576 

.4197 

-.0235 

-.0460 

.0142 

-.0062 

-.0478 

-.0054 

.02 

4.00 

958.6944 

.0013 

.0096 

.0020 

-.0003 

-.0009 

• 0009 

-.0003 

-.0009 


ALPHA 

BETA 

0 

CL ( SA | 

RUN 

CDfSA ) 

30 

CPH < SA » 

CRn ( SA ) 

CYH ( SA » 

CSFfSA ) 

CRH ( BA ) 

CYfKBA ) 

• 00 

4.00 

962.9092 

.0028 

.0100 

-.0019 

.0003 

-.0009 

• 0001 

.0003 

-.0009 

- 3.00 

4.00 

960.5814 

-.0695 

.0125 

-.0036 

.0011 

-.0000 

-.0025 

• 0011 

-.0001 

-.97 

4.00 

962.9103 

-.0178 

.0103 

-.0023 

.0004 

-.0007 

-.0001 

.0004 

-.0007 

.04 

4.00 

957.6949 

• 0036 

• 0102 

-.0020 

.0004 

-.0008 

.0001 

.0004 

-.0006 

1.06 

4.00 

962.7763 

.0285 

.0106 

-.0012 

.0001 

-.0006 

-.0003 

• 0001 

-.0006 

2.09 

4.00 

963.9739 

.0516 

.0116 

-.0011 

.0000 

-.0002 

-.0015 

.0000 

-.0002 

3.15 

4.00 

956.1917 

• 0813 

.0134 

-.0013 

• 0002 

• 0002 

-.0023 

.0002 

.0002 

4.21 

4.00 

954.3998 

.1171 

.0174 

-.0019 

.0007 

.0000 

-.0030 

.0007 

.0001 

5.27 

4.00 

959.0609 

• 1562 

.0230 

-.0040 

.0017 

-.0003 

-.0029 

.0017 

-.0002 

6.38 

3.99 

957.9876 

.1977 

• 0306 

-.0059 

.0023 

-.0006 

-.0030 

.0024 

-.0004 

7.47 

3.99 

957.3229 

.2407 

• 0393 

-.0086 

.0032 

-.0007 

-.0047 

.0033 

-.0003 

8.60 

3.99 

954.9994 

.2907 

.0507 

-.0120 

.0038 

-.0009 

-.0067 

.0039 

-.0003 

9.72 

3.99 

961.7123 

.3389 

.0633 

-.0147 

.0040 

-.0009 

-.0094 

.0041 

-.0003 

10.89 

3.99 

961.2467 

.3915 

• 0786 

-.0174 

.0037 

-.0007 

-.0133 

• 0038 

-.0000 

13.24 

3.98 

962.9099 

.4963 

• 1156 

-.0209 

.0011 

• 0005 

-.0224 

• 0009 

.0006 

19.64 

3.97 

962.4439 

.6092 

• 1649 

-.0276 

-.0021 

.0029 

-.0349 

-.0026 

• 0023 

17.93 

3.94 

967.2327 

• 7168 

.2226 

-.0366 

-.0071 

.0064 

-.0451 

-.0088 

.0039 

20.17 

3.90 

962.9769 

.8218 

.2893 

-.0478 

-.0124 

.0110 

-.0956 

-.0154 

• 0061 

22.43 

3.84 

963.9081 

.9210 

• 3692 

-.0552 

-.0224 

• 0168 

-.0628 

-.0271 

.0070 

23.26 

3.81 

967.4322 

.9508 

.3935 

-.0548 

-.0273 

.0191 

-.0639 

-.0326 

.0067 

• 02 

4.00 

962^0490 

.0060 

.0101 

-.0019 

.0004 

-.0007 

-.0006 

• 0004 

-.0007 


ALPHA 

BETA 

Q 

CL fSAl 

RUN 

CO ( SA ) 

32 

CPH ( SA ) 

CRHCSA ) 

CYHf SA ) 

CSF«SAI 

CRN ( 8 A } 

CYHfBAl 

.00 

- 4.01 

956.5317 

.0096 

.0122 

-.0031 

.0005 

-.0020 

.0073 

• 0005 

-.0020 

- 3.41 

- 3.99 

956.6648 

-.1024 

.0157 

• 0037 

-.0039 

-.0008 

• 0022 

-•0039 

-.0006 

-.99 

- 4.01 

956.7978 

-.0239 

• 0123 

-.0013 

-.0007 

-.0018 

.0061 

-.0007 

-.0018 

.04 

- 4.01 

956.2697 

• 0095 

• 0123 

-.0031 

.0006 

-.0020 

.0071 

.0006 

-.0020 

1.09 

- 4.01 

958.4607 

• 0389 

.0128 

-.0052 

.0019 

-.0017 

• 0061 

• 0019 

-.0016 

2.10 

- 4,01 

961.6533 

.0696 

.0142 

-.0076 

.0033 

-.0011 

• 0049 

• 0034 

-.0010 

3.20 

- 4.00 

960.9226 

.1064 

• 0164 

-.0096 

.0049 

-.0006 

.0031 

•0046 

-.0004 

4.22 

- 3.99 

960.9891 

.1464 

• 0204 

-.0127 

.0069 

..0008 

• 0019 

.0070 

-.0003 

5.36 

- 3.99 

956,3987 

• 1950 

.0274 

-.0166 

.0091 

-.0019 

• 0014 

.0092 

-.0007 

6.45 

- 3.97 

955.9331 

.2408 

.0360 

-.0219 

• 0119 

-.0025 

.0014 

.0117 

-.0012 

7.55 

- 3.96 

958.7267 

.2920 

.0461 

-.0265 

• 0139 

-.0033 

-.0010 

• 0138 

-.0015 

8.71 

- 3.94 

957.1304 

• 3482 

.0591 

-.0323 

.0157 

-.0040 

-.0039 

• 0161 

-.0016 

9.63 

- 3.91 

966.7081 

• 4006 

.0732 

-.0355 

• 0162 

-.0043 

-.0080 

• 0167 

-.0015 

11.01 

- 3.89 

956.2697 

• 4610 

• 0914 

-.0401 

.0167 

-.0045 

-.0131 

.0172 

-.0012 

13.37 

- 3.83 

960.9226 

.5761 

.1348 

-.0503 

.0191 

-.0031 

-.0291 

• 0194 

• 0009 

15.74 

- 3.80 

964.9788 

.6767 

.1661 

-.0531 

.0043 

• 0007 

-.0399 

.0040 

.0018 

17.96 

- 3.81 

962.6910 

.7297 

• 2342 

-.0383 

-.0147 

.0060 

-.0330 

-.0199 

• 0011 

20.27 

- 3.82 

953.9377 

• 8008 

• 2939 

-.0288 

-.0293 

.0095 

-•0280 

-.0308 

-.0013 

22.31 

- 3.82 

956.8643 

• 8603 

.3519 

-.0236 

-.0408 

• 0125 

-.0221 

-.0425 

-.0040 

23.14 

- 3.82 

992.1416 

• 8833 

• 3762 

-.0220 

-.0494 

• 0140 

-.0196 

-.0472 

-.0050 

• 01 

- 4.01 

958.6603 

.0057 

.0119 

-.0032 

.0007 

-.0019 

.0064 

.0007 

-.0019 


.27 



TABLE IV.- Continued 


BUN 3 <> 


ALPHA 

BETA 

Q 

CLISA ) 

CDfSA ) 

CPHISAt 

CRMCSAI 

CYN ( SA ) 

CSFTSAJ 

CRN ( BA ) 

CYNCBAI 

.00 

- 4.01 

962.9840 

-.0025 

.0111 

• 0022 

.0003 

-.0025 

.0062 

• 0003 

-.0025 

- 3.58 

- 3.99 

954.8029 

-.1154 

• 0156 

• 0102 

-.0047 

-.0009 

.0006 

-.0047 

-.0006 

-.98 

- 4.01 

957.3305 

-.0304 

.0114 

.0042 

-.0009 

-.0023 

•0053 

-.0010 

-.0022 

.04 

- 4.01 

964.3808 

.0003 

.0112 

.0021 

.0005 

-.0024 

• 0058 

• 0005 

-.0024 

1.08 

- 4.01 

957.5300 

.0316 

.0118 

-.0002 

.0020 

-.0023 

• 0053 

.0021 

-.0023 

2.14 

- 4.00 

958.5277 

.0654 

.0130 

-.0022 

.0033 

-.0018 

• 0038 

• 0034 

-.0016 

3.19 

- 4.00 

959.6585 

• 1005 

.0152 

-.0042 

• 0047 

-.0014 

• 0024 

.0047 

-.0012 

4.25 

- 3.99 

957.2641 

.1422 

.0192 

-. 007 i 

.0070 

-.0017 

• 0009 

.0071 

-.0012 

5.33 

- 3.98 

955.5347 

.1871 

.0256 

-.0117 

• 0095 

-.0025 

.0008 

.0097 

-.0016 

6.44 

- 3.97 

954.4039 

. 2352 

,0343 

-.0167 

.0116 

-.0032 

.0008 

• 0119 

-.0019 

7.57 

- 3.96 

954.4039 

,2919 

.0462 

-.0231 

.0137 

-.0040 

.0006 

• 0141 

-.0022 

8.70 

- 3.95 

952.2754 

.3492 

.0605 

-.0286 

.0146 

-.0047 

.0007 

.0152 

-.0024 

9.87 

- 3.93 

953.9383 

.4129 

.0786 

-.0363 

• 0168 

-.0058 

.0004 

.0175 

-.0028 

11.07 

- 3.91 

963.5828 

.4740 

.0991 

-.0415 

.0167 

-.0064 

.0001 

.0176 

-.0031 

13.39 

- 3.88 

956.3329 

.5899 

.1459 

-.0489 

• 0128 

-.0070 

-.0012 

.0141 

-.0038 

15.81 

- 3.86 

950.0139 

.7070 

.2054 

-.0528 

.00 30 

-.0067 

-.0015 

.0047 

-.0057 

18.07 

- 3.85 

957,8627 

.7939 

.2649 

-.0503 

-.0104 

-.0046 

-.0011 

-.0085 

-.0076 

20.31 

- 3.84 

960.2572 

. 8646 

.3268 

-.0440 

-.0256 

-.0006 

-.0007 

-.0238 

-.0095 

22.34 

- 3.84 

954.3374 

.9208 

.3857 

-.0399 

-.0379 

.0042 

-.0001 

-.0366 

-.0106 

.01 

- 4.01 

961,4544 

.0005 

.0109 

.0018 

.0006 

-.0025 

.0057 

.0006 

-.0025 


ALPHA 

8 ETA 

Q 

CL ( SA ) 

RUN 

CD ( SA ) 

36 

CPH ( SA ) 

CRH ( SA > 

CYM < 5 AI 

CSF ( SA ) 

CRN<BA ) 

CYN « 8 A | 

.01 

- 4.01 

958,5950 

-.0011 

.0122 

.0039 

.0003 

-.0024 

.0056 

.0003 

-.0024 

- 3.45 

- 3.99 

960.4574 

-.1171 

.0169 

.0065 

-.0042 

-.0013 

.0016 

-.0043 

-.0011 

- 1.02 

- 4.00 

955.8679 

-.0375 

.0127 

.0049 

-.0011 

-.0023 

.0051 

-.0011 

-.0022 

.02 

- 4.01 

961.0560 

-.0039 

• 0125 

.0041 

.0002 

-.0024 

.0054 

.0002 

-.0024 

1.05 

- 4.01 

961.0560 

.0288 

.0129 

.0031 

.0015 

-.0023 

.0050 

• 0015 

-.0023 

2.09 

- 4.00 

961.0560 

.0598 

.0141 

.0021 

• 0026 

-.0021 

.0041 

.0027 

-.0020 

3.19 

- 4.00 

962.1202 

.0983 

.0164 

.0007 

.0042 

-.0016 

.0028 

.0042 

-.0016 

4.26 

- 3.99 

961.0560 

.1390 

.0197 

-.0014 

.0061 

-.0017 

.0012 

.0062 

-.0012 

5.34 

- 3.98 

961.0560 

.1841 

.0253 

-.0030 

.0079 

-.0021 

.0003 

.0080 

-.0013 

6.47 

- 3.97 

954.8702 

.2332 

.0336 

-.0058 

.0098 

-.0027 

-.0000 

.0100 

-.0016 

7.60 

- 3.96 

954.4046 

.2887 

.0458 

-.0097 

.0113 

-.0033 

.0005 

.0116 

-.0018 

8.73 

- 3.95 

959.6592 

.3414 

.0595 

-.0144 

.0123 

-.0039 

.0003 

.0127 

-.0019 

9.87 

- 3.94 

954.4046 

.4030 

.0768 

-.0196 

• 0131 

-.0047 

.0005 

• 0137 

-.0024 

11.06 

- 3.92 

951.0788 

.4634 

.0970 

-.0239 

.0124 

-.0052 

.0003 

.0131 

-.0028 

13.40 

- 3.89 

954.4046 

.5785 

• 1436 

-.0338 

.0094 

-.0060 

.0004 

.0105 

-.0036 

15.80 

- 3.87 

956.6661 

.6884 

.2002 

-.0409 

• 0002 

-.0048 

.0002 

.0015 

-.0046 

18.03 

- 3.86 

953.4068 

.7809 

,2597 

-.0482 

-.0107 

-.0024 

• 0006 

-.0094 

-.0056 

20.19 

- 3.85 

954.4046 

.8530 

.3197 

-.0553 

-.0226 

.0017 

• 0009 

-.0218 

-.0063 

22.30 

- 3.85 

959.5927 

.9050 

.3786 

-.0634 

-.0343 

.0069 

.0030 

-.0343 

-.0066 

23.09 

- 3.85 

958.8611 

.9100 

.3964 

-.0674 

-.0384 

.0094 

• 0041 

-.0390 

-.0064 

-.01 

- 4.01 

953.0743 

-.0025 

.0123 

.0039 

.0004 

-.0023 

.0051 

« .0004 

-.0023 






RUN 

38 






ALPHA 

BETA 

0 

CL (SAI 

COTSAI 

CPH(SAI 

CRN(SAI 

CYH ( SA ) 

CSFTSAI 

CRH ( BA ) 

CYNTBAI 

• 01 

- 4.01 

958.2622 

.0045 

• 0128 

-.0005 

-.0001 

-.0021 

.0067 

-.0001 

-.0021 

- 3.14 

- 4.00 

957.7301 

-.0998 

.0160 

.0029 

-.0037 

-.0014 

.0036 

-.0037 

-.0012 

-.98 

- 4.01 

958.3288 

-.0257 

• 0129 

-.0002 

-.0009 

-.0021 

• 0062 

-.0009 

-.0020 

• 03 

- 4.01 

964.3816 

.0017 

.0128 

-.0006 

-.0001 

-.0022 

.0069 

-.0001 

* r .0022 

1.08 

- 4.01 

958.7280 

• 0359 

.0134 

-.0017 

• 0013 

-.0021 

• 0064 

• 0013 

-.0020 

2.12 

- 4.01 

960.9229 

.0707 

.0147 

-.0032 

.002 7 

-.0017 

.0054 

• 0028 

-.0016 

3.20 

- 4.00 

961.5215 

.1060 

.0171 

-.0049 

.0041 

-.0015 

.0040 

.004 2 

-.0012 

4.26 

- 3.99 

959.3931 

.1472 

• 0205 

-.0063 

• 0054 

-.0012 

.0019 

• 0055 

-.0008 

5.35 

- 3.98 

959.8587 

.1912 

.0261 

-.0087 

• 0078 

-.0015 

.0010 

.0079 

-.0008 

6.48 

- 3.98 

957.5308 

.2390 

.0348 

-.0112 

.0095 

-.0023 

• 0012 

• 0097 

-.0012 

7.61 

- 3.96 

962.5856 

• 2932 

• 0465 

-.0140 

.0106 

-.0032 

.0010 

• 0110 

-.0017 

8.74 

- 3.94 

956.2668 

.3507 

• 0593 

-.0191 

.0132 

-.0039 

-.0017 

• 0137 

-.0018 

9.86 

- 3.93 

954.6039 

.4041 

.0740 

-.0237 

.0144 

-.0044 

-.0039 

• 0149 

-.0018 

11.06 

- 3.90 

962.8517 

• 4598 

.0918 

-.0283 

.0148 

-.0046 

-.0068 

.0154 

-.0017 

13.37 

- 3.87 

954.4044 

.5700 

• 1346 

-.0387 

• 0116 

-.0034 

-.0133 

.0121 

-.0006 

15.69 

- 3.85 

954.4044 

.6551 

• 1839 

-.0460 

-.0007 

• 0001 

-.0156 

-.0007 

-.0001 

17.93 

- 3.86 

954.8700 

.7456 

.2433 

-.0545 

-.0115 

.0018 

-.0076 

-.0115 

-.0019 

20.08 

- 3.85 

958.1957 

.8100 

.2989 

-.0570 

-.0214 

• 0042 

-.0031 

-.0216 

-.0034 

22.18 

- 3.84 

955.6016 

• 8608 

.3552 

-.0634 

-.0304 

• 0076 

• 0003 

-.0311 

-.0045 

.01 

- 4.01 

951.8102 

.0054 

• 0127 

-.0012 

• 0004 

-.0022 

.0069 

• 0004 

-.0022 


28 



TABLE IV.- Continued 


RUN «0 


ALPHA 

BETA 

0 

CL ( SA | 

CO ( SA ) 

CPN ( SA » 

CRn ( SA ) 

CYN ( SA > 

CSF(SAJ 

CRM ( BA ) 

CYHCBAI 

.01 

- 4.01 

961.0526 

-.0027 

.0128 

.0027 

.0006 

-.0019 

.0044 

.0006 

-.0019 

- 3.46 

- 3.99 

959.1238 

-.1148 

.0173 

.0035 

-.0035 

-.0015 

• 0015 

-.0036 

-.0013 

-.98 

- 4.00 

961.0526 

-.0338 

.0132 

.0027 

-.0007 

-.0018 

• 0038 

-.0008 

-.0018 

• 05 

- 4.01 

961.0526 

-.0023 

.0129 

.0027 

.0008 

-.0018 

• 0042 

.0008 

-.0018 

1.08 

- 4.00 

952.6718 

.0275 

.0133 

.0032 

.0014 

-.0017 

.0039 

.0015 

-.0017 

2.13 

- 4.00 

957.5939 

.0611 

.0144 

.0030 

.0028 

-.0017 

• 0036 

.0028 

-.0016 

3.22 

- 4.00 

959.3231 

.1005 

.0165 

.0024 

.0044 

-.0016 

• 0027 

.0044 

-.0013 

4.28 

- 3.99 

956.8621 

.1401 

.0195 

.0018 

.0057 

-.0016 

• 0020 

.0058 

-.0011 

5.38 

- 3.98 

957.7268 

.1825 

.0240 

.0010 

.0071 

-.0015 

.0007 

.0072 

-.0009 

6.50 

- 3.98 

964.2450 

.2289 

.0319 

• 0001 

.0085 

-.0019 

• 0008 

.0087 

-.0009 

7.62 

- 3.97 

966.3069 

.2762 

.0423 

-.0013 

.0092 

-.0021 

• 0007 

.0094 

-.0008 

8.77 

- 3.96 

960.6535 

.3326 

.0561 

-.0049 

.0103 

-.0024 

.0010 

.0105 

-.0008 

9.88 

- 3.95 

953.9355 

.3870 

.0715 

-.0091 

.0107 

-.0026 

• 0011 

.0110 

-.0008 

11.08 

- 3.94 

960.0549 

.4499 

.0918 

-.0154 

.0099 

-.0029 

• 0016 

.0103 

-.0009 

13.44 

- 3.91 

969.4993 

.5657 

.1382 

-.0300 

,0065 

-.0029 

• 0026 

• 0070 

-.0014 

15.75 

- 3.90 

961.0525 

.6679 

.1918 

-.0465 

-.0004 

-.0015 

• 0045 

.0000 

-.0016 

17.93 

- 3.89 

956.3965 

.7571 

.2497 

-.0663 

-.0077 

.0011 

• 0065 

-.0076 

-.0014 

20.06 

- 3.88 

967.1050 

.8236 

.3072 

-.0916 

-.0142 

.0044 

.0097 

-.0149 

-.0007 

.02 

- 4.01 

946.6853 

-.0012 

.0125 

.0026 

.0009 

-.0019 

.0043 

.0009 

-.0019 


RUN 42 


ALPHA 

BETA 

0 

CL ( SA ) 

CD ( SA ) 

CPH * SA » 

CRM ( SA ) 

CYM ( SA ) 

CSF ( SA » 

CRH ( BA ) 

CYN ( BA ) 

.01 

- 4.01 

961.0510 

.0054 

.0136 

-.0019 

.0000 

-.0019 

• 0062 

.0000 

-.0019 

- 3.38 

- 4,00 

954.3996 

-.1055 

.0175 

-.0016 

-.0036 

-.0016 

• 0036 

-.0037 

-.0014 

-.99 

- 4.01 

961.0510 

-.0247 

.0140 

-.0023 

-.0010 

-.0019 

• 0060 

-.0010 

-.0018 

.05 

- 4.01 

962.8468 

.0052 

.0138 

-.0020 

.0000 

-.0018 

.0060 

.0000 

-.0018 

1.09 

- 4.01 

964.2433 

.0379 

.0144 

-.0022 

.0016 

-.0017 

• 0055 

.0017 

-.0017 

2.13 

- 4.01 

957.6586 

.0722 

.0157 

-.0021 

.0024 

-.0016 

.0052 

.0025 

-.0015 

3.24 

- 4.00 

961.8489 

.1103 

.0180 

-.0027 

.0038 

-.0014 

.0042 

.0039 

-.0012 

4.28 

- 4.00 

960.8512 

.1472 

.0211 

-.0037 

.0053 

-.0014 

.0032 

.0053 

-.0010 

5.38 

- 3.99 

960.5852 

.1905 

.0256 

-.0049 

.0069 

-.0014 

• 0022 

.0070 

-.0008 

6.49 

- 3.98 

958.0577 

.2361 

.0337 

-.0054 

.0078 

-.0017 

.0020 

.0080 

-.0008 

7.63 

- 3.97 

959.3880 

.2876 

.0452 

-.0071 

.0093 

-.0022 

.0018 

.0095 

-.0009 

8.75 

- 3.96 

958.1907 

.3379 

.0576 

-.0096 

.0103 

-.0025 

.0007 

.0106 

-.0009 

9.89 

- 3.94 

953.9338 

.3924 

.0720 

-.0135 

.0118 

-.0027 

-.0009 

.0120 

-.0006 

11.06 

- 3.92 

966.2386 

.4515 

.0898 

-.0187 

.0127 

-.0026 

-.0037 

.0130 

-.0001 

13.41 

- 3.89 

966.1056 

• 5642 

.1334 

-.0324 

.0113 

-.0016 

-.0063 

.0113 

.0010 

15.73 

- 3.88 

961.6493 

.6723 

.1894 

-.0533 

.0038 

.0004 

-.0027 

.0036 

.0014 

17.92 

- 3.87 

959.1219 

.7533 

.2462 

-.0709 

-.0036 

• 0023 

.0015 

-.0041 

• 0011 

20.06 

- 3.87 

954.3993 

.8233 

.3062 

-.0957 

-.0104 

.0049 

• 0064 

-.0114 

.0011 

22.04 

- 3.84 

965.3738 

.8911 

.3667 

-.1218 

-.0112 

.0061 

.0089 

-.0127 

.0014 

.02 

- 4.01 

951.2066 

.0065 

.0135 

-.0020 

.0001 

-.0017 

.0058 

.0001 

-.0017 


RUN 44 


ALPHA 

BETA 

Q 

CL 1 SA > 

COtSA ) 

CPntSA ) 

CRhlSA ) 

CYH ( SA ) 

CSF ( SA ) 

CRH ( BA ) 

CYHIBAI 

6.65 

.00 

958.1850 

.2270 

.0367 

• 0046 

.0014 

-.0012 

.0006 

.0015 

-.0010 

6.66 

- 3.85 

957.7194 

.2359 

.0378 

-.0002 

.0078 

-.0019 

.0012 

.0079 

-.0009 

6.68 

- 7.79 

957.7194 

.2494 

.0394 

-.0062 

• 0139 

-.0028 

• 0023 

.0141 

-.0011 

6.69 

- 9.81 

948.4073 

.2580 

.0406 

-.0099 

.0172 

-.0033 

.0029 

.0174 

-.0013 

6.69 

- 10.60 

951.6001 

.2591 

.0408 

-.0111 

.0183 

-.0036 

.0032 

.0186 

-.0014 

6.69 

- 9.77 

951.5336 

.2566 

.0404 

-.0095 

.0168 

-.0032 

.0025 

.0171 

-.0012 

6.69 

- 8.74 

960.3134 

.2530 

.0398 

-.0081 

.0156 

-.0030 

• 0023 

• 0158 

-.0011 

6.68 

- 7.79 

958.5175 

.2517 

• 0396 

-.0065 

.0143 

-.0027 

• 0020 

.0145 

-•0010 

6.68 

- 6.79 

962.9073 

.2472 

• 0389 

-.0049 

.0126 

-.0026 

.0022 

.0128 

-.0011 

6.67 

- 5.82 

955.7240 

.2430 

.0385 

-.0031 

.0108 

-.0024 

• 0022 

.0110 

-.0011 

6.67 

- 4.80 

958.5175 

.2410 

.0383 

-.0016 

.0092 

-.0021 

.0018 

.0094 

-.0010 

6.66 

- 3.85 

957.4533 

• 2365 

• 0378 

-.0001 

.0076 

-.0019 

• 0016 

• 0078 

-.0010 

6.65 

- 2.88 

957.7194 

.2339 

.0378 

.0011 

.006 3 

-.0018 

• 0016 

• 0064 

-.0011 

6.65 

- 1.92 

952.9304 

.2303 

.0376 

• 0025 

• 0044 

-.0015 

• 0013 

.0046 

-.0010 

6.65 

-.96 

957.7194 

.2275 

.0373 

.0037 

.0029 

-.0013 

.0009 

• 0030 

-.0010 

6.65 

-.00 

957.7194 

.2261 

.0371 

.0048 

.0012 

-.0011 

.0007 

• 0013 

-.0010 

6.64 

.96 

953.3295 

. 2237 

.0369 

.0058 

-.0003 

-.0009 

.0001 

-.0002 

-.0009 

6.64 

1.91 

957.7194 

.2215 

• 0368 

• 0066 

-.0019 

-.0008 

• 0003 

-.0018 

-.0010 

6.64 

2.87 

957.2538 

.2186 

.0365 

.0076 

-.0036 

-.0005 

-•0003 

-•0036 

-•0009 

6.64 

3.81 

957.2538 

.2167 

.0364 

.0082 

-.0049 

-.0004 

-.0003 

-.0048 

-.0010 

6.64 

4.76 

951.7331 

.2164 

.0365 

.0088 

-.0065 

-.0002 

-.0004 

-.0064 

-.0010 

6.64 

5.71 

964.9026 

.2137 

.0361 

.0093 

-.0079 

.0000 

-.0012 

-.0079 

-.0009 

6.64 

6.63 

961.1115 

.2125 

• 0362 

.0098 

-.0094 

.0002 

-.0012 

-.0093 

-.0009 

6.64 

7.57 

956.9877 

.2117 

.0360 

.0100 

-.0107 

• 0005 

-•0019 

-.0107 

-.0008 

6.64 

8.15 

957.7194 

.2097 

.0359 

.0102 

-.0114 

.0006 

-.0020 

-.0114 

-.0008 

6.64 

• 01 

956.9212 

.2258 

.0367 

.0047 

.0013 

-.0012 

• 0010 

• 0014 

-.0010 
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TABLE IV.- Continued 




ALPHA 

BETA 

0 

CL ( SA ) 

CD ( SA » 

CPH ( SA ) 

CRH ( SA ) 

CYmSAI 

CSF ( SA ) 

CRHtBAl 

CYNCBA ) 

6.65 

• 01 

957,7194 

.2348 

.0378 

-.0010 

• 0018 

-.0013 

.0013 

.0020 

-.0010 

6.67 

- 3.84 

961.5770 

.2461 

.0388 

-.0061 

.0075 

-.0019 

.0031 

.0077 

-.0010 

6.69 

- 7.80 

954.0610 

.2616 

.0406 

-.0125 

.0134 

-.0028 

.0048 

.0137 

-.0012 

6.70 

- 9*80 

948.8063 

.2680 

.0414 

-.0153 

• 0158 

-.0033 

.0060 

•0161 

-.0014 

6.71 

- 10.97 

955.3248 

.2714 

.0419 

-.0172 

.0175 

-.0037 

• 0069 

.0178 

-.0017 

6.70 

- 9*78 

956.3225 

.2674 

.0412 

-.0155 

.0160 

-.0033 

.0062 

.0163 

-.0015 

6.69 

- 8*76 

954.8592 

.2637 

.0407 

-.0138 

.0146 

-.0031 

.0057 

.0149 

-.0014 

6.70 

- 7,79 

962.9071 

.2621 

• 0405 

-.0121 

• 0131 

-.0028 

.0049 

.0133 

-.0012 

6.69 

- 6.70 

964.8359 

.2567 

.0397 

-.0107 

.0118 

-.0026 

.0045 

• 0121 

-.0012 

6.67 

- 5.82 

954.1941 

.2527 

.0393 

-.0091 

• 0104 

-.0023 

.0039 

•0106 

-.0011 

6.66 

- 4.81 

954.3936 

.2475 

.0387 

-.0075 

.0089 

-.0021 

.0035 

.0091 

-.0011 

6.66 

- 3.84 

956.4555 

.2466 

• 0388 

-.0062 

.0075 

-.0020 

.0032 

.0077 

-.0011 

6.66 

- 2.89 

952.9302 

.2433 

.0386 

-.0048 

• 0061 

-.0017 

.0025 

.0063 

-.0010 

6.66 

- 1.92 

957.5862 

.2414 

.0386 

-.0037 

.0050 

-.0017 

.0025 

.0051 

-.0011 

6 . 6 S 

-.94 

958.5173 

.2377 

• 0383 

-.0021 

.0032 

-.0014 

.0018 

.0033 

-.0010 

6.65 

-.00 

958.7169 

.2347 

.0380 

-.0010 

.0018 

-.0012 

.0012 

• 0020 

-.0010 

6 . 66 

.98 

957.7192 

.2344 

.0383 

• 0005 

-.0001 

-.0011 

.0009 

.0000 

-.0011 

6.65 

1.92 

957.7192 

.2311 

.0380 

• 0012 

-.0011 

-.0010 

• 0006 

-.0009 

-. 00 X 1 

6.65 

2.90 

958.7169 

.2264 

.0376 

• 0024 

-.0026 

-.0009 

.0001 

-.0027 

-.0012 

6.65 

3.81 

957.7192 

.2259 

.0376 

.0035 

-.0045 

-.0007 

-.0004 

-.0044 

-.0012 

6.65 

4.79 

957.7192 

.2245 

.0376 

.0042 

-.0057 

-.0005 

-.0009 

-.0056 

-.0012 

6.64 

5,73 

956.4554 

.2208 

.0372 

• 0050 

-.0070 

-.0003 

-.0017 

-.0070 

-.0012 

6.65 

6,67 

955.3912 

• 2208 

.0374 

.0055 

-.0002 

-.0001 

-.0026 

-.0081 

-.0011 

6.65 

7.59 

956.7880 

• 2181 

.0371 

.0060 

-.0097 

• 0001 

-.0032 

-.0096 

-.0010 

6.64 

8.20 

957.7192 

.2158 

.0369 

• 0063 

-.0104 

• 0002 

-.0035 

-.0103 

-.0010 

b .66 

.01 

962.5080 

• 2362 

.0381 

-.0010 

• 0018 

-.0012 

• 0010 

.0019 

-.0010 






RUN 
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ALPHA 

BETA 

0 

CLISA ) 

CD ( SA ) 

CPN ( SA ) 

CRH ( SA ) 

CYH ( SA ) 

CSF < SA ) 

CRM ( BA ) 

CYNCBA ) 

-.01 

-.00 

957.9778 

-.0178 

• 0130 

.0006 

-.0006 

.0001 

• 0001 

-.0006 

• 0001 

- 2.93 

.01 

957.7118 

-.1064 

.0159 

-.0018 

-.0023 

.0007 

-.0031 

-.0023 

• 0008 

-.99 

.00 

954.6522 

-.0469 

• 0131 

-.0010 

-.0008 

.0003 

-.0007 

-.0008 

• 0003 

.04 

-.00 

959.5741 

-.0162 

.0129 

• 0006 

-.0005 

• 0002 

.0001 

-.0005 

.0002 

1.06 

-.00 

961.6358 

.0096 

• 0131 

.0024 

-.0003 

• 0001 

.0005 

-.0003 

.0001 

2.12 

-.00 

960.1061 

.0387 

.0140 

.0038 

• 0002 

• 0002 

.0001 

.0002 

.0002 

3.19 

.00 

959.1749 

.0734 

.0163 

• 0050 

.0007 

.0004 

-.0011 

• 0007 

.0004 

4.23 

.00 

962.8994 

.1060 

.0189 

.0059 

.0010 

.0003 

-.0020 

.0010 

.0004 

5.31 

.01 

960.7046 

.1451 

.0233 

.0062 

.0019 

• 0002 

-.0036 

.0018 

.0004 

6.44 

.02 

960.9706 

.1892 

;0300 

• 0063 

.0027 

-.0001 

-.0061 

.0027 

.0002 

7.53 

• 03 

958.2437 

.2334 

.0304 

.0044 

.0038 

-.0003 

-.0089 

.0038 

.0003 

8.65 

.04 

951.6590 

.2844 

.0502 

.0020 

.0049 

-.0011 

-.0112 

.0050 

-.0003 

9.79 

.05 

957.7116 

.3380 

.0645 

-.0008 

.0061 

-.0019 

-.0144 

.0063 

-.0008 

10.94 

.06 

957.3125 

.3870 

.0799 

-.0035 

.0066 

-.0026 

-.0176 

• 0070 

-.0013 

13.30 

.09 

962.1012 

.4995 

.1209 

-.0119 

.0081 

-.0044 

-.0258 

.0089 

-.0025 

15.67 

.13 

956.9134 

.6151 

.1729 

-.0242 

.0102 

-.0074 

-.0359 

.0118 

-.0044 

17.92 

.18 

955.8492 

.7224 

.2325 

-.0375 

.0113 

-.0102 

-.0482 

.0139 

-.0062 

20.15 

.22 

952.7896 

.8219 

.2994 

-.0546 

.0124 

-.0126 

-.0633 

.0160 

-.0075 

-.00 

-.00 

956.7139 

-.0167 

.0123 

.0007 

-.0005 

.0002 

-.0001 

-.0005 

.0002 






RUN 
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ALPHA 

BETA 

0 

CLCSA ) 

COCSA ) 

CPN ( SA ) 

CRN ( SA ) 

CYM ( SA ) 

CSF ( SA ) 

CRN ( BA ) 

CYNCBA ) 

-.01 

-.00 

957.2477 

-.0155 

.0156 

.0088 

-.0006 

-.0016 

.0046 

-.0006 

-.0016 

- 3.25 

.00 

956.1834 

-.1417 

.0195 

.0092 

-.0025 

-.0007 

.0009 

-.0026 

-.0006 

-.98 

-.00 

956.7820 

-.0506 

.0159 

..0085 

-.0011 

-.0015 

.0039 

-.0011 

-.0015 

• 02 

-.00 

958.1788 

-.0142 

• 0153 

.0089 

-.0007 

-.0016 

.0042 

-.0007 

-..0016 

1.04 

-.00 

963.4331 

.0228 

.0153 

.0094 

-.0002 

-.0016 

,0042 

-.0002 

-.0016 

2.06 

-.00 

964.3642 

.0612 

.0164 

.0093 

.0004 

-.0014 

.0035 

.0005 

-.0013 

3.11 

-.00 

964.3642 

.1052 

.0102 

.0095 

.0006 

-.0011 

.0030 

.0007 

-.0010 

4.13 

-.00 

963.1005 

.1506 

.0213 

.0087 

.0017 

-.0008 

.0019 

.0018 

-.0006 

5.18 

.00 

965,4283 

.1972 

.0260 

.0090 

.0014 

-.0007 

.0009 

.0015 

-.0005 

6.26 

.00 

964.3641 

.2488 

.0342 

.0081 

.0023 

-.0008 

.0008 

.0024 

-.0006 

7.34 

• 00 

961.9697 

.3073 

.0463 

.0051 

.0029 

-.0010 

.0004 

.0030 

-.0006 

8.43 

.00 

960.3734 

.3664 

• 0609 

.0005 

.0025 

-.0011 

• 0008 

.0026 

-.0007 

9.50 

.00 

960.9720 

.4275 

.0778 

-.0052 

.0015 

-.0012 

.0013 

.0017 

-.0009 

10.61 

-.00 

955.5846 

.4831 

.0964 

-.0102 

-.0014 

-.0009 

.0018 

-.0012 

-.0012 

12.83 

-.01 

956.3827 

• 5982 

.1422 

-.0255 

-.0083 

-.0003 

.0035 

-.0080 

-.0021 

15.03 

-.03 

953.8552 

.6833 

.1906 

-.0306 

-.0196 

.0023 

.0057 

-.0196 

-.0028 

17.11 

-.05 

952.9906 

.7452 

.2389 

-.0504 

-.0311 

.0066 

.0088 

-.0317 

-.0029 

19.12 

-.08 

955.8506 

.7748 

.2817 

-.0654 

-.0385 

.0109 

• 0133 

-.0399 

-.0023 

21.09 

-.09 

958.3781 

.8020 

.3257 

-.0898 

-.0398 

• 0136 

.0175 

-.0421 

-.0016 

-.00 

-.00 

953.4562 

-.0122 

• 0146 

• 0090 

-.0008 

-.0017 

• 0042 

-.0008 

-.0017 
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TABLE IV.- Concluded 


ALPHA 

BETA 

0 

CLtSA > 

RUN 

CD < SA } 

52 

CPH ( SA ) 

CRM ( SA ) 

CYH(SA I 

CSF < SA > 

CRN ( BA ) 

CYM ( BA ) 

sOO 

-.00 

960.0994 

-.0002 

.0159 

-.0001 

• 0000 

-.0012 

• 0040 

.0000 

-.0012 

- 3,09 

-.00 

956.7692 

-.1160 

.0192 

-.0007 

-.0013 

-.0006 

• 0010 

-.0013 

-.0005 

-.95 

-.00 

957,7050 

-.0341 

.0159 

-.0008 

-.0003 

-.0012 

.0033 

-.0004 

-. 00 X 2 

#05 

-.00 

961,4961 

.0025 

.0155 

-.0001 

.0001 

-.0012 

.0039 

.0001 

-.0012 

l.OA 

-.00 

956.5743 

.0363 

.0156 

• 0006 

.0003 

-.0011 

.0035 

.0004 

-.0011 

2.07 

-.00 

960.9640 

.0753 

.0173 

.0006 

.0007 

-.0011 

• 0033 

.0008 

-.0010 

3 .H 

-.00 

966.6171 

.1172 

.0193 

• 0009 

.0013 

-.0008 

.0024 

.0014 

-.0006 

A .13 

-.00 

960.0993 

.1571 

• 0223 

,0007 

.0019 

-.0006 

• 0014 

.0019 

-.0004 

3.19 

.00 

955.3771 

• 2054 

.0266 

.0003 

.0025 

-.0004 

-.0004 

.0026 

-.0002 

6.26 

.00 

958.1705 

.2544 

.0340 

-.0005 

• 0031 

-.0004 

-.0013 

.0031 

-.0001 

7,36 

.01 

954.4458 

.3123 

.0447 

-.0017 

.0034 

-.0008 

-.0017 

.0035 

-.0003 


.01 

956.1039 

.3714 

.0579 

-.0051 

.0044 

-.0009 

-.0027 

.0045 

-.0003 

9,51 

.01 

954.7116 

.4247 

.0726 

-.0082 

.0042 

-.0012 

-.0020 

,0044 

-.0005 

10.60 

.01 

952.5169 

.4632 

• 0906 

-.0118 

.0037 

-.0013 

-.0029 

.0039 

-.0006 

12.65 

.01 

963.6243 

.5997 

.1337 

-.0225 

.0022 

-.0010 

-.0046 

.0024 

-.0005 

15.10 

•01 

961.9614 

,7127 

.1690 

-.0435 

-.0024 

.0013 

-.0098 

-.0027 

• 0006 

17.14 

-.03 

960,8974 

.7623 

.2363 

-.0575 

-.0200 

.0053 

.0020 

-.0206 

-.0009 

19.14 

-.07 

957.5053 

.7876 

.2605 

-.0683 

-.0338 

.0103 

.0102 

-.0353 

-.0013 

• 01 

-.00 

959.8996 

.0015 

.0153 

-.0002 

.0000 

-.0012 

.0038 

•0000 

-.0012 






RUN 
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ALPHA 

BETA 

Q 

CL ( SA ) 

CD < SA ) 

CPHiSA ) 

CRH ( SA ) 

CYM < SA ) 

CSF ( 5 A ) 

CRn ( 8 A ) 

CYH ( BA ) 

.02 

-.01 

957.1773 

.0142 

• 0225 

-.0007 

.0007 

-.0021 

.0077 

.0007 

-.0021 

- 3.13 

-.00 

957.9754 

-.1339 

.0245 

.0028 

-.0019 

-.0010 

.0038 

-.0019 

-.0009 

-.93 

-.01 

954.1177 

-.0284 

.0227 

-.0002 

• 0001 

-.0019 

.0068 

.0001 

-.0019 

.05 

-.01 

959.2391 

.0136 

.0228 

• 0000 

.0002 

-.0021 

.0079 

.0002 

-.0021 

1.05 

-.01 

960.5693 

.0548 

.0236 

-.0012 

.0012 

-.0021 

.0081 

.0012 

-.0021 

2.07 

-.01 

963.1632 

. IQIO 

.0247 

-.0021 

.0019 

-.0016 

.0070 

.0020 

-.0016 

3.12 

-.00 

963.9613 

#1539 

.0266 

-.0037 

.0033 

-.0012 

.0051 

.0033 

-.0010 

4.13 

-.00 

961.0349 

.2064 

• 0298 

-.0043 

.0040 

-.0008 

.0041 

.0040 

-.0005 

5.17 

-.00 

959.1726 

• 2604 

.0352 

-.0046 

.0043 

-.0006 

.0028 

.004 3 

-.0002 

6.24 

-.00 

957.1772 

.3194 

.0450 

-.0069 

.0054 

-.0009 

.0022 

.0055 

-.0003 

7.31 

.00 

956.7782 

.3857 

.0593 

-.0123 

.0055 

-.0011 

,0009 

.0056 

-.0004 

a. 36 

• 00 

956.7782 

.4509 

.0761 

-.0204 

• 0054 

-.0017 

.0025 

.0056 

-.0008 

9,44 

-.00 

950.5924 

.5122 

.0950 

-.0262 

.0024 

-.0017 

,0035 

.0026 

-.0013 

10.56 

-.00 

961.5003 

.5705 

.1165 

-.0302 

-.0025 

-.0015 

.0043 

-.0022 

-.0020 

12.69 

-.01 

955.1154 

.6533 

.1586 

-.0348 

-.0147 

.0002 

.0063 

-.0144 

-.0030 

14.88 

-.03 

954,6497 

.7315 

.2082 

-.0432 

-.0284 

.0033 

.0092 

-.0283 

-.0041 

16.90 

-.05 

954.7163 

.7731 

.2520 

-.0467 

-.0420 

.0078 

.0149 

-.0425 

-.0047 

18.93 

-.08 

956.7117 

.7959 

.2937 

-.0536 

-.0501 

.0121 

.0217 

-.0513 

-.0048 

• 02 

-.01 

948.9296 

• 0142 

.0217 

-.0009 

.0009 

-.0019 

.0071 

.0009 

-.0019 


ALPHA 

BETA 

a 

CL ( SA } 

RUN 

CD ( SA ) 

56 

CPMtSA * 

CRM ( SA » 

CYMISA ) 

CSPISA ) 

CRN ( BA ) 

CYHtBAt 

.00 

-.01 

956.9106 

.0021 

.0212 

-.0020 

• 0006 

-.0009 

,0050 

• 0006 

-.0009 

- 3.67 

-.00 

954.4496 

-.1720 

#0260 

.00 36 

-.0024 

.0000 

.0007 

-.0024 

.0002 

-.96 

-.00 

960,0365 

-.0394 

.0211 

-.0007 

-.0004 

-.0009 

.0048 

-.0004 

-.0009 

.05 

-.01 

960.7016 

• 0041 

.0211 

-.0018 

.0005 

-.0010 

,0058 

.0005 

-.0010 

1.04 

-.01 

960.3025 

.0496 

.0218 

-.0029 

• 0012 

-.0010 

.0057 

.0012 

-.0010 

2,05 

-.00 

958.5067 

.0913 

.0227 

-.0046 

• 0024 

-.0006 

.0046 

#0024 

-.0006 

3.10 

-.00 

962.1648 

.1428 

.0249 

-.0055 

.0031 

-.0003 

.0036 

• 0031 

-.0002 

4.13 

-.00 

962.0318 

.1924 

.0279 

-.0065 

,0037 

.0001 

.0019 

.0037 

.0003 

5.15 

.00 

953,7843 

.2455 

.0327 

-.0083 

.0050 

• 0002 

-.0003 

.0050 

.0007 

6.22 

.00 

956.5114 

.3010 

.0404 

-.0087 

.0052 

.0002 

-.0017 

.0051 

.0008 

7.27 

.01 

953.6513 

.3655 

.0519 

-.0125 

.0064 

-.0001 

-.0037 

.0064 

• 0007 

8.36 

.01 

953,5848 

.4313 

.0670 

-.0176 

,0069 

-.0004 

-.0041 

.0069 

.0006 

9.42 

.01 

959.1717 

.4912 

.0838 

-.0234 

.0066 

-.0008 

-.0043 

.0068 

.0003 

10.54 

.01 

951.6559 

. 5639 

.1050 

-.0308 

,0059 

-.0010 

-.0047 

.0060 

#0001 

12.72 

.01 

959.3713 

.6822 

.1505 

-.0452 

.0021 

-.0003 

-.0070 

.0021 

.0001 

14.99 

.01 

954,3829 

.7965 

.2112 

-.0767 

-.0058 

.0030 

-.0122 

-.0063 

.0014 

17,01 

-.03 

954.3829 

.8047 

.2491 

-.0652 

-.0292 

.0083 

.0019 

-.0304 

-.0006 

18.90 

-.06 

959,7703 

.8167 

• 2880 

-.0620 

-.0433 

• 0138 

.0093 

-.0454 

-.0009 

-.00 

-.00 

954.8485 

-.0015 

.0204 

-.0017 

.0005 

-.0008 

.0047 

•0005 

-.0008 
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Symmetric, swept 


Skewed, upwind 



Skewed, downwind 



A 


(b) 


K 


« 

v,le* 


Figure 2.- Continued 








U) 


0 10 20 30 40 50 60 70 80 90 

A 

(a) Potential. 



1.0 



A 


Syminetrlc, swept 

Skewed, upwind - 

Skewed, downwind 



(b) Leading-edge vortex. 

Figure 4.- Effect of sweep on centroids of theoretical lift factors for 

wing semispan. A = 1.0; = 0. 



Symmetric, swept- 


Skewed, upwind 


Skewed, downwind 




A 


(a) Kp». 


Figure 5.- Effect of aspect ratio on theoretical lift factors for wing 

semispan. A o 30°; Mb 0. 



Symmetric, swept 



Figure 5.- Continued. 



Symmetric, swept 





A 

(c) Ky^gg. 
Figure 5 . - Cone luded . 
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Symmetric, swept 


(a) 


A 

Potential . 



A 


Skewed, upwind — f 

I 


Skewed, downwind 




(b) Leading-edge vortex. 

Figure 6.- Effect of aspect ratio on centroids of theoretical lift factors 

for wing semispan. A = 30^; M = 0. 



} 

I 

\ 

i 



(a) Potential-span-load coefficient. 

Figure 7.- Potential-span-load coefficient and section suction coefficient 
distributions on a swept wing and on a skewed wing. A = 45°; A = 1.0; 

H, = 0. 
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Q li 

-1.0 -.8 -.6 -.4 -.2 0 .2 .4 .6 .8 1-0 


T? 

(b) Section suction-force coefficient. 
Figure 7.- Concluded. 
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HI 
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(a) Models I, II, III, IV, and V. 

Figure 8.- General layout of model planforms. (See table I.) 
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L-75-7119 


(b) Model II, A = 45°, A = 1.0. 
Figure 9.- Continued. 
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L-75-7120 

(c) Model III, A = 550 , A = 1.0. 

Figure 9.- Continued. 
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L-75-8372 


(d) Model VI, A = 45°, A = 1.0. 


Figure 9 -- Concluded. 
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(a) One-quarter rear view of model II. 
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Figure 10.- Installation of model. 



Figure 10.- Concluded. 




Figure 11.- Oil-flow patterns on model I. A = 30°; A = 1.0; ~ 0.12. 
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(b) a s; 1QO. 
Figure 12.- Continued. 
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(c) a 15°. 
Figure 13.- Concluded. 
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(a) Low angle of attack. 

Figure 14.- Sketch of flow pattern on wing-fuselage model. 
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(b) High angle of attack. 
Figure Concluded. 














Figure 18.- Effect of cylindrical fuselage and dummy balance housing on 
longitudinal aerodynamic characteristics of skewed wings. A = 45°; 



























a, deg 


(a) A = 30°. 


Figure 25.- Effect of dummy balance housing on lateral-directional aerodynamic 
stability derivatives (calculated for 4° and -4° sideslip) of skewed wings. 


1 .0; M„ =: 













i 




i; !/:' -tj 
1 1 /[ 1 1 ; 1 1 1 1 : , 

II 4iti> lii ;i V 


i* I!i 





Experiment 

<Cn,)p 

^Cm)p + 


<Cm)p + <Cm»y ,0, + 


Q Experiment 

(Co)p * (Col, ^j 

'Co'p ♦ 'Co’v.tot ‘ 'CoW 


O Experiment 
---- (cOp 

- ‘CLipMCL),,^ 

--- ‘CO . (CLVtot 


“0.2 0 0.2 0.4 0,6 0.8 LO 1.2 

C. 


(a) A = 300, A = 1.0. 

Figure 26.- Comparison of theoretical and experimental longitudinal aerodynamic 
characteristics of skewed wing. Dummy balance housing on; Ms: 0.12. 
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(b) A = 450, A = 1.0 
Figure 26.- Continued 
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(d) A = 30°, A = 1.5. 
Figure 26.- Continued. 
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(e) A = 300, A = 2.0, 
Figure 26.- Concluded. 
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Figure 27.- Comparison of theoretical and experimental longitudinal aerodynamic 
characteristics for model VI. A □ 45®; A = 1.0; s 0.12. 
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